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Introduction 

Roller bearings are used primarily to support rotating shafts found in many pieces of 

mechanical equipment used today. They operate so high in the 90% efficiency range that 

they are sometimes referred to as being "anti-friction" devices. Roller bearings are a 

simple, rugged design tool that can be precision manufactured in mass production 

quantities. They can support heavier radial loads (perpendicular to axis of rotation) than 

ball bearings. They come in many different sizes and configurations, are relatively 

inexpensive, and require little or no maintenance. They have predictable design lives and 

operating characteristics and are a valuable asset to today's rotating equipment industry.  

 

There are two basic types of roller bearings; cylindrical roller bearings, and tapered roller 

bearings. The rollers in cylindrical roller bearings, as the name suggests, are cylinder 

shaped. The rollers in tapered roller bearings are tapered. Each has its place in the 

mechanical power transmission design world and each will be studied separately in this 

course. 

 
Cylindrical Roller Bearings Description 

Cylindrical roller bearings are comprised of an inner ring, an outer ring, and a complement 

of rollers. The rollers are held in an evenly spaced pattern around the annulus of the 

bearing by a member called the separator. Figure 1 has a sketch of a cylindrical roller 

bearing. The three basic dimensions are the inner diameter or bore (B), outer diameter 

(OD), and width (W). The inner ring outer diameter is specified as IROD and the outer ring 
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inner diameter is specified as ORID. The surface on the inner and outer rings that the 

rollers revolve around is called the pathway. The shoulders on the sides of the pathways 

that guide the rollers are called ribs. There may be one or two ribs on either the inner or 

outer ring (shown later).  

 

Roller bearings can support more radial load than any other type of anti-friction bearing. 

Radial loads act perpendicular to the bearing axis of rotation as opposed to thrust loads that 

act parallel to the axis as shown on Figure 1. Roller bearings can support more radial load 

than similar size ball bearings because the contact between rollers and ring pathway is a 

straight line and, as the load increases, increases in size to a larger rectangular shape. Ball 

bearing ball-ring contact is a point and as the load increases grows into an elliptical shape. 

The contact pattern for roller bearings is "orders of magnitude" greater than ball bearings 

under similar loading conditions enabling them to support much higher radial loads; 

however, the thrust load that cylindrical roller bearings can support is limited to 20% of 

radial load. 

 

 

 

 

 

Figure 1 

Cylindrical Roller Bearing 
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Cylindrical Roller Bearings Manufacture 

One of the best materials used in the manufacture of roller bearings is AISI/SAE 8620. It 
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contains .20% carbon, .80% manganese, .55% nickel, .50% chromium, and .20% 

molybdenum. Carbon gives steel strength and responsiveness to heat treatment. 

Manganese serves as a deoxidizer and also adds strength and responsiveness to heat 

treatment. Nickel gives steel good impact resistance at low temperatures. Chromium 

increases response to heat treatment and depth of hardness penetration. Molybdenum 

increases the depth of hardness penetration, increases toughness, and helps to resist 

softening at high temperatures. 

 

Heat treating roller bearings involves a case-hardening operation as opposed to the thru-

hardening treatment used on ball bearings. Case-hardening is accomplished in a furnace 

where the steel is raised to a high temperature in the presence of a carbon-rich gaseous 

atmosphere. Carbon is absorbed into the outer layers of steel which are then hardened. The 

inner core remains at a lower hardness level. The hard outer layers give roller bearings 

good load carrying capability while the softer inner core provides good impact load 

resistance. Inner and outer rings are processed as follows:  

     a) The rings are machined from sized steel tubing. 

     b) They are case-hardened in heat-treat furnaces. 

     c) Every surface is find ground to exacting tolerances. 

Rollers are processed as follows: 

     a) They are cold-headed from drawn bar. 

     b) They are case-hardened in heat-treat furnaces. 

     c) They are hard ground to a fine finish. 
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Bearings are assembled as follows: 

     a) The roller assembly is installed to the IR or OR. 

     b) The opposite ring is placed in position. 

     c) On one-part bearings, a retaining ring is installed. 

     d) On two-part bearings, the bearing is a separable unit. 

 

Cylindrical Roller Bearings Design Configurations 

One advantage that cylindrical roller bearings have is that they can be manufactured in 

different configurations. Following are some of the configurations that are available: 

     1) The configuration at the top of Figure 2 is a two-part bearing with a separable inner 

ring. It is the lowest priced of all the configurations. The rings are centerless ground for 

excellent concentricity and wall thickness. The rollers are retained radially by a stamped 

steel separator and axially by split retaining rings that are fitted into outer ring grooves. 

The separable inner ring allows shaft axial movement due to accumulated manufacturing 

tolerances and differential thermal expansion of the shaft relative to the housing. The inner 

ring of this configuration can be omitted and the rollers run directly on hardened and 

ground shafts enabling the shafts to be made larger and stronger. 

     2) The second configuration on Figure 2 has a variation of the above design having two 

ribs on the inner ring making it a non-separable bearing for ease of shipping, handling, and 

assembly. It should be noted that retaining rings are not designed to support the full thrust 

load that inner and outer ring ribs are designed to do. 

     3) The third sketch on Figure 2 has a configuration that incorporates a rib on opposite 
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sides of the inner and outer rings which allows the bearing to support one-direction thrust 

loads. 

     4) The fourth configuration on Figure 2 depicts a bearing with an inner ring side plate 

and a u-shaped outer ring that allows the bearing to support two-direction thrust loads. The 

side plate can also be incorporated with the outer ring and a u-shaped inner ring to support 

two direction thrust loads. This configuration incorporates a separator consisting of formed 

bars and side rings riveted together for higher speed and quieter operation. 

     5) The fifth sketch on Figure 2 has a bearing with a cylindrical outer ring and a u-

shaped inner ring. The outer ring can be eliminated and the rollers run in the housing bore. 

This configuration also incorporates the high speed separator. 

     6) The sixth sketch on Figure 2 has a version with no separator and a full complement 

of rollers for maximum capacity but with some reduction in limiting speed. 
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Figure 2 

Cylindrical Roller Bearing Design Configurations 
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Cylindrical Roller Bearing Life Calculation 

Cylindrical roller bearing life is calculated using an equation that is similar to the one used 

for ball bearings. There is no factor for thrust load in the equation because thrust load is 

reacted by the roller ends which does not add stress to the roller-pathway load zone. The 

roller bearing life equation is as follows: 

L=3000(C/R)10/3x(500/S) 

L is the B10 life of the bearing in hours. Life is expressed in B10 hours which is the 

number of hours that 90% of the bearings are expected to run without failure. Roller 

bearing life is expressed as a probability number because occasionally, an inclusion 

(impurity) in the steel will appear in the bearing load zone and cause an early failure. Great 

strides have been made in refining cleaner steel but, to date, science has not found a way to 

completely eliminate inclusions from appearing in bearing load zones.  

 

C is the capacity of the bearing in pounds which is the load that the bearing can support 

and operate for 3000 B10 hours at 500 rpm. The capacity of bearings is calculated in 

different ways by the various bearing manufacturers and is considered proprietary 

information. In general, the capacity is dependent on the number, diameter, and length of 

rollers in a bearing with roller diameter being the greatest contributor.   

 

R is the radial load in pounds that the bearing must support. The capacity/radial load ratio 

has a major effect in determining bearing life since it is taken to the 10/3 power in the 

equation.  
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S is the speed in revolutions per minute (rpm). According to the equation, a bearing 

supporting a radial load that is equal to its capacity and running at 500 rpm will have a  life 

of 3000 B10 hours.  

 

As a sample problem, the equation will be used to calculate the life of the cylindrical roller 

bearing shown in Figure 1 supporting a radial load of 1000 pounds and running at 1000 

rpm. The B10 life is as follows: 

L=3000(1180/1000)10/3x(500/1000)=2604 B10 hrs 

2604 hours represents 65 forty hour weeks or 1.25 years of operation. Sometimes the 

bearing load, speed, and B10 life are known and it is desirable to know what bearing 

capacity is needed. The equation can be rearranged as follows to determine the answer: 

C=R(L3/10)/30003/10x(500/S)3/10 

Using the above numbers, the equation reads as follows: 

C=1000(26043/10)/30003/10x(500/1000)3/10=1180 lbs 

 

Should a bearing operate under a number of different loads and speeds (lives), the 

following equation is used to calculate life: 

L=1/[(t1/L1)+(t2/L2)+(t3/L3)+(t4/L4)+etc] 

L is the B10 life in hours of a bearing that is operating under a number of different loads 

and speeds. 

t is the percent of the time that is spent at each load and speed condition. 
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L is the calculated life in B10 hours at each load and speed. 

 

Suppose it was learned that the above bearing, instead of operating at full load and speed 

100% of the time, was operating at full load and speed 50% of the time and 50% load and 

speed 50% of the time. Using the above equation the new B10 life can be calculated. The 

life at the 50% load and speed condition is as follows: 

L=3000x(1180/500)10/3x(500/500)=57,485 B10 hrs 

The new overall life using the above equation is as follows: 

L=1/[(.50/2604)+(.50/57,485)]=4982 B10 hrs 

 

Cylindrical Roller Bearings Lubrication 

For the proper lubrication of roller bearings, the lubricant should penetrate between the 

roller and pathway and between the roller ends and ribs and protect all bearing internal 

surfaces from corrosion. Under normal operating conditions, refined mineral oil should be 

used. Synthetic oils should be used when bearing operating temperatures are beyond the 

capability of mineral oil. Oil viscosity is the most important factor to be considered when 

selecting a roller bearing lubricant. Figure 3 has a graph which can be used to determine 

the lubricant viscosity to be used for roller bearings when the speed of rotation and 

operating temperature are known. To use the graph, the bearing bore in millimeters is 

multiplied by the speed in revolutions per minute and the product located on the upper left 

hand corner of the graph. A line is then drawn from that value across the top of the graph 

to the curved line at the top right corner. From that intersection, a line is drawn vertically 
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down to a horizontal line drawn across the bottom of the graph from the value of the 

operating temperature. Oil viscosity is then read at the intersection of these two lines. The 

oil viscosity recommended is the Saybolt viscosity at 100 degrees Fahrenheit. Grease, 

although not having the same flow characteristics as oil, is approved and is used to 

lubricate roller bearings. The consistency of grease is important. Grease will slump badly 

when too soft and increase bearing torque and temperature. Grease too hard will not 

lubricate properly and cause premature bearing failure. One advantage of grease over oil is 

that the danger of leakage is greatly reduced. The seals can be of a more simple and less 

costly design. Some of the available types of grease follow: 

 Petroleum oil greases are best for general purpose operation from -30OF to +300OF. 

 Ester based greases are available for operation ranging from -100OF to +350OF. 

 Silicone greases cover the widest range of all greases, 100OF to +450OF, but are 

low in load support.  

 Fluorosilicone greases are similar to silicone greases but have good load carrying 

ability. 
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Figure 3 

Cylindrical Roller Bearing Lubrication 
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Cylindrical Roller Bearing Application 

Cylindrical Roller bearings are the bearings of choice in applications where spur gears are 

used. Spur gears exert high radial loads and little or no thrust loads which is exactly what 

cylindrical roller bearings are designed to support. Figure 4 has a sketch of a spur gear 

application where two cylindrical roller bearings are used to support the gearshaft. The 

bearings have u-shaped inner rings and opposed single-ribbed outer rings to provide axial 

support for the gear. The bearing on the left requires an ID the correct size to provide axial 

support for the gear and an OD that is larger than the coupling flange shown on the left 

side of the gearshaft for assembly reasons. The bearing on the right requires an ID to 

provide axial support for the gearshaft and an OD to fit in the retaining cover which must 

have an OD large enough to provide clearance for assembly of the gear which is from the 

right. Each bearing must have a 7500 hr B10 life under a radial load of 1400 pounds and a 

speed of 1020 rpm. The life equations follow: 

 

Lleft=3000(2350/1400)10/3x(500/1020)=8264 B10 hrs 

Lright=3000(2500/1400)10/3x(500/1020)=10,157 B10 hrs 

 

It should be noted that the bearing on the right, although having a smaller diameter, has a 

capacity greater than the bearing on the left. It can be seen that the bearing on the right has 

a larger roller diameter which, as previously discussed, has a major role in determining 

bearing capacity. 
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Figure 5 has an application where the outer ring of the cylindrical roller bearing has been 

omitted and the bearing run on the gear bore. The bearing cost has been reduced; the gear 

rim has been strengthened; and assembly has been facilitated. 

 

Figure 6 has a cylindrical roller bearing without an inner ring running directly on a shaft. 

The bearing cost is reduced; the shaft diameter is increased and made stronger; and 

assembly has been made easier. 
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Figure 4 

Cylindrical Roller Bearing Application 
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Figure 5 

Cylindrical Roller Bearing Application 
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Figure 6 

Cylindrical Roller Bearing Application 
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Tapered Roller Bearings Description 

Tapered roller bearings, as previously mentioned, have rollers that are tapered instead of 

being cylindrical shaped. Tapered roller bearings belong to the anti-friction bearing group 

along with cylindrical roller bearings and ball bearings. Tapered roller bearings are used in 

a variety of equipment where high radial and thrust loads are present. Tapered roller 

bearings are more complicated than their counterparts necessitating great care in design 

and manufacturing in order to produce the product that is needed to insure good bearing 

performance. Despite the complexity, tapered roller bearings are precision manufactured in 

high volume quantities competitively with all other types.  

 

Figure 7 has a sketch of a tapered roller bearing. The inner ring has two ribs that guide the 

rollers. The outer ring is a separable component. It is the unique angular construction of the 

tapered roller bearing that enables it to support both radial and one-direction thrust loads as 

shown on Figure 7.  

 

Assembly of tapered roller bearings is accomplished by using a press and closing die. The 

separator, as originally formed, has pocket bars bowed out. It is placed in the roller 

grooved closing die. The rollers and inner ring are then inserted. The press is used to apply 

pressure on the face of the inner ring forcing the roller-cone assembly deeper into the die 

tapered pocket. This movement bends the separator bars inward to a straightened position 

holding the rollers against the cone creating a non-separable assembly. See Figure 8.  
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The roller-cone assembly can be disassembled using the separable outer ring from the 

same bearing. The inner ring-roller assembly is placed on a flat surface with the protruding 

(small diameter) end of the separator contacting the table. The large faced end of the outer 

ring is placed on top of the separator. When pressure is applied to the top of the outer ring, 

force is applied to the top of the separator bending the bars out to their originally 

manufactured shape allowing the roller assembly to be spun and separated from the inner 

ring. See Figure 9. 
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Figure 7 

Tapered Roller Bearing Terminology 
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Figure 8 

Tapered Roller Bearing Assembly 
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Figure 9 

Tapered Roller Bearing Disassembly 
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Tapered Roller Bearings Design 

It is essential that tapered roller bearings be designed that lines extending from the inner 

and outer ring pathways meet at the bearing centerline as shown on Figure 10. Deviation 

from this condition results in poor bearing performance and premature failure. The ratio of 

thrust to radial load that a bearing can support is determined by the outer ring angle. Larger 

outer ring angles enable bearings to support a higher proportion of thrust loads while lower 

outer ring angles result in a higher proportion of radial loads. Generally, cup angles range 

from 20° to 55°. 

 

During tapered roller bearing operation with a radial load, the roller is forced (squirted) 

against the inner ring rib face where a type of sliding motion occurs. To prevent excessive 

friction and wear, the roller end is ground to a spherical radius and the rib face is ground to 

a precise angle to the cone pathway. See Figure 11. These two dimensions are calculated to 

place the contact approximately halfway up the rib face. Contact too high or low from this 

point can lead to poor bearing performance. 

 

An important feature in the design of tapered roller bearings (and cylindrical roller 

bearings) is "crowning". Crowning is grinding inner ring, outer ring, and roller pathways 

so that there is a slight rise in the center with respect to the ends. See Figure 12. Crowning 

prevents roller edges from "digging into" the inner and outer ring pathways under high 

load and causing the "dog bone" type of stress pattern which can cause premature failure. 

See Figure 13.  
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Tapered roller bearings (and cylindrical roller bearings) have chamfered separator bars 

where roller contact is made. See Figure 14. This feature allows more separator to roller  

conformance, reduces friction, and improves overall bearing performance. This feature can 

also be used to control separator "shake" or movement in the bearing.  

Figure 10 

Tapered Roller Bearing Apex 
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Figure 11 

Tapered Roller Bearing Design 
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Figure 12 

Tapered Roller Bearing Design 
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Figure 13 

Tapered Roller Bearing Design 
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Figure 14 

Tapered Roller Bearing Design 
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Tapered Roller Bearing Life Determination 

The basic equation for the calculation of tapered roller bearing B10 life is the same as the 

one used for cylindrical roller bearings except that the radial load R is replaced by 

equivalent radial load RE. The equivalent radial load considers both radial and thrust loads 

since tapered roller bearings support both radial and thrust loads. The equation is as 

follows: 

L=3000(C/RE)10/3x(500/S) 

L is the B10 life in hours. 

C is the bearing radial load capacity in pounds. 

RE is the equivalent radial load which accounts for both radial and thrust loads. 

S is the speed in revolutions per minute (rpm). 

 

Because, as previously explained, tapered roller bearings under radial load force the rollers 

against the inner ring rib, there is an induced axial (thrust) load imposed on the shaft. The 

equation for this induced thrust is as follows: 

Ti=.47R/K* 

Ti is the induced thrust imposed on a shaft from the radial load acting on a tapered roller 

bearing. 

R is the radial load acting on the tapered roller bearing. 

K is the ratio of the radial to thrust load capacity of a tapered roller bearing and is 

determined by the outer ring angle. 
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The above induced thrust is reacted by the opposite bearing on the shaft which frequently 

is another tapered roller bearing. If the second bearing induced thrust is equal to the first 

bearing induced thrust (which is the case when a spur gear is mounted on the center of the 

shaft and imposes a radial load that is equally shared by the two bearings as shown by the 

upper sketch of Figure 15), the two induced thrusts cancel each other and the bearing 

equivalent radial loads REA and REB are the same as their radial loads RA and RB. This is 

the only case where the two equivalent radial loads are equal to the radial loads. The 

following paragraphs examine three cases where the requirement for each of the analyses 

is that the induced thrust of bearing A is less than the induced thrust of bearing B or, the 

induced thrust of bearing A is less than the induced thrust of bearing B plus the externally 

applied thrust load.* 

 

Suppose there are two identical tapered roller bearings supporting the same spur gear and 

the two induced thrusts are not equal because the spur gear is located off the shaft center as 

shown on the middle sketch of Figure 15. The equivalent radial load of bearing A which is 

located further from the gear equals .4 times its own radial load plus .47 times the radial 

load  of bearing B.* The equivalent radial  load of bearing B equals its own radial load.*  

 

Suppose the gear in the above case were a helical gear which imposes both a radial load 

and a thrust load on the shaft in the direction of bearing B as shown on the lowest sketch of 

Figure 15.  The equivalent radial load of bearing A would then be .4 times its own radial 
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load plus .47 times the radial load of bearing B plus the externally applied thrust load T 

from the helical gear.* The equivalent radial load of bearing B would again be the same as 

its radial load.*  

 

Let us assume in the above helical gear case, the two bearings were not the same. Then the 

equivalent radial load of bearing A would be as follows: 

 

REA=.4RA+(KA/KB)(.47RB)+(KAT)* 

 

The equivalent radial load of bearing B would remain being its own radial load.* Now that 

the equivalent radial load is known for all the above cases, the life of the bearings in the 

applications can be calculated using the equation given above. 

 

*Some of the letters have been changed but the equations are from "Timken Bearing 

Selection Handbook Revised - 1986", pages 38 and 39, courtesy of the Timken Company. 
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Figure 15 

Tapered Roller Bearing Loads 
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Tapered Roller Bearing Application 

Tapered roller bearings are used extensively in automotive design where their ability to 

support high loads and speeds when supporting both radial and thrust loads makes them 

the choice for a number of important applications. Figure 16 has a sketch of the center 

section of an automotive drive axle. The input is on the right and the left and right output 

shafts that drive the wheels are shown on the left. The input spiral bevel gear pinion is 

supported by two tapered roller bearings while the mating spiral bevel ring gear is also 

supported by two tapered roller bearings. The ring gear drives the center differential which 

is composed of two sets of bevel gears. The bevel gears allow power to be delivered to 

both output axle shafts even though one may be rotating faster than the other such as when 

the vehicle is rounding a corner. There are millions of vehicles produced every year with 

this design which gives one an idea of the number of tapered roller bearings that are being 

used today. 

 

Another high volume use of tapered roller bearings is shown on Figure 17. It illustrates 

how two tapered roller bearings are used to support non-drive wheels of an automotive 

vehicle. The bearings are assembled, grease lubricated, and retained by a locknut that is 

used to set bearing end play to a precise amount. The end cap is installed making the 

assembly self contained and lubricated for life. 

 

Figure 18 shows how two close-coupled tapered roller bearings are used to support the 

drive wheel of an automotive vehicle. The pair is made with carefully measured spacers 
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which set the end play at the bearing manufacturing plant. They are then grease lubricated, 

packaged, and shipped as a match set to the automotive assembly plant. 

Figure 16 

Tapered Roller Bearing Application 
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Figure 17 

Tapered Roller Bearing Application 
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Figure 18 

Tapered Roller Bearing Application 

 


