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Bearing Mounting Issues
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Deep Groove vs. Angular Contact Ball Bearing
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Mounting of Angular Contact Ball Bearings

Question: Two orientations for mounting of 
the angular contact bearing. Which orientation 
to use for Location C?
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Critical Bearing Design Parameters

db: Bore
da: Outer Diameter
bW: Width
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Critical Bearing Design Parameters

Shaft and housing shoulder diameters dS

and dH should be adequate to ensure good 
bearing support.

Fillet Radius
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Typical Bearing Mounting

 One ball bearing at each end,

 One tapered roller bearing at each end, or 

 A ball bearing at one end and a straight roller bearing at the other. 

 One of the bearings usually has the added function of positioning or 
axially locating the shaft.

 The housing bore and shaft outside diameter must be held to very 
close limits.
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11–9 Selection of Tapered Roller Bearings



70Sichuan University - Pittsburgh Institute

Tapered Roller Bearings

Tapered roller bearings are more complicated 
than ball/cylindrical roller bearings. 

Four components of a tapered roller bearing 
assembly:
 Cone (inner ring)
 Cup (outer ring)
 Tapered rollers
 Cage (spacer-retainer)

Advantages over Ball Bearing: 
 Greater load-carrying capacity
 Carrying both radial and thrust (axial) loads, or 

any combination of the two, at the same time.
Figure 11–13
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Bearing Preload, Mounting, Alignment, and Fit
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Mounting of Tapered Roller Bearings

Even when an external thrust load is not 
present, the radial load will induce a thrust 
reaction within the bearing because of the 
taper. 

To avoid the separation of the races and the 
rollers, it is common to use at least two tapered 
roller bearings on a shaft. 

Direct mounting: two bearings mounted with 
the cone backs facing each other

Indirect mounting: with the cone fronts facing 
each other

Figure 11–14
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Load Transmission of Tapered Roller Bearings

Indirect Mounting

 Cone fronts facing each other

 Applied preload from ID side

Direct mounting:  

 Cone backs facing each other

 Applied preload from ID side
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Bearing Preload

 Objective of preloading is to remove the 
internal clearance to increase the fatigue life, 
and to decrease the shaft slope at the 
bearing.

 Preloading of straight roller bearings may be 
obtained by using an interference fit for the 
outer ring.

 Ball bearings are usually preloaded by the 
axial load built in during assembly by the 
differences in widths of the inner and outer 
rings.

 It is always good practice to follow 
manufacturers’ recommendations in 
determining preload, since too much will lead 
to early failure.
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Preload Setting - Direct vs. Indirect Mounting

Direct Mounting

 The outer ring is used to adjust 
the bearing setting

 The outer ring is usually set in 
position by an outer-ring follower 
or mounted in an outer-ring 
carrier.

Indirect Mounting

 Bearing setting is typically 
achieved by clamping against one 
of the inner rings.

Tapered roller bearings are designed to take both radial and thrust loading. Under radial 
loads, a force is generated in the axial direction that must be counteracted. As a result, 
tapered roller bearings are normally adjusted against a second bearing.
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Tapered Roller Bearing Equivalent Loading
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Figure 11–14

Induced Radial Load on Tapered Roller Bearing

A radial load on a tapered roller bearing will induce a 
thrust reaction. Loading zone includes about half the 
rollers (approximately 180o).

Fi: induced thrust load from a radial load with a 180o

load zone, Timken provides the equation

௜
଴.ସ଻ிೝ

௄

where the K factor is geometry-specific, and is the 
ratio of the radial load rating to the thrust load rating. 

Recommended K factor in the preliminary selection 
process:

 K=1.5 for a radial bearing

 K=0.75 for a steep angle bearing
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Timken Taper Roller Bearing Catalogue

Fig. 11-15 in the textbook is 
an example table for single-
row tapered roller bearings 
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Figure 11-15
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Tapered Roller Bearing Equivalent Load Calculation

Equivalent load of ball bearings with combined radial and axial loading, 

௘ ௜ ௥ ௜ ௔

For tapered roller bearings, Timken recommends using X=0.4 and V = 1 for all 
cases, and using the K factor for the specific bearing for Y:

௘ ௥ ௔

Fa is the net axial load including induced axial load and external axial load. 

External 
Axial load

Direct-mounted Tapered Roller Bearings

Induced
Axial Load

Question:
One out of the two paired tapered roller 
bearings carries majority of the net axial 
load. But which one though?
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Tapered Roller Bearing Equivalent Load Calculation
Case: Direct-Mounting
Default Inducted Axial Force

௜஺
଴.ସ଻ிೝಲ

௄ಲ
௜஻

଴.ସ଻ிೝಳ

௄ಳ

If ௜஺ ௜஻ ௔௘

௜஻
଴.ସ଻ிೝಳ

௄ಳ

௜஺
଴.ସ଻ிೝಳ

௄ಳ
௔௘ ௜஻ ௔௘

௘஺ ௥஺ ஺ ௜஺ ௘஻ ௥஻

If ௜஺ ௜஻ ௔௘

௜஺
଴.ସ଻ிೝಲ

௄ಲ

௜஻
଴.ସ଻ிೝಲ

௄ಲ
௔௘ ௜஺ ௔௘

௘஺ ௥஺ ௘஻ ௥஻ ஻ ௜஻

External 
Axial load

Direct-Mounting

FiA FiB

Majority of the external axial load is 
carried by one out of the two bearings.



82Sichuan University - Pittsburgh Institute

Tapered Roller Bearing Equivalent Load Calculation
Direct Mounting

If 𝐹௜஺ ≤ 𝐹௜஻ + 𝐹௔௘

𝐹௜஻ =
଴.ସ଻ிೝಳ

௄ಳ

𝐹௜஺ =
଴.ସ଻ிೝಳ

௄ಳ
+ 𝐹௔௘ = 𝐹௜஻ + 𝐹௔௘

𝐹௘஺ = 0.4𝐹௥஺ + 𝐾஺𝐹௜஺ 𝐹௘஻ = 𝐹௥஻

If 𝐹௜஺ > 𝐹௜஻ + 𝐹௔௘

𝐹௜஺ =
଴.ସ଻ிೝಲ

௄ಲ
       

𝐹௜஻ =
଴.ସ଻ிೝಲ

௄ಲ
− 𝐹௔௘ = 𝐹௜஺ − 𝐹௔௘

𝐹௘஺ = 𝐹௥஺ 𝐹௘஻ = 0.4𝐹௥஻ + 𝐾஻𝐹௜஻

Indirect Mounting

If 𝐹௜஺ ≤ 𝐹௜஻ − 𝐹௔௘

𝐹௜஻ =
଴.ସ଻ிೝಳ

௄ಳ

𝐹௜஺ =
଴.ସ଻ிೝಳ

௄ಳ
− 𝐹௔௘ = 𝐹௜஻ − 𝐹௔௘

𝐹௘஺ = 0.4𝐹௥஺ + 𝐾஺𝐹௜஺ 𝐹௘஻ = 𝐹௥஻

If 𝐹௜஺ > 𝐹௜஻ − 𝐹௔௘

𝐹௜஺ =
଴.ସ଻ ೝಲ

௄ಲ
       

𝐹௜஻ =
଴.ସ଻ிೝಲ

௄ಲ
+ 𝐹௔௘ = 𝐹௜஺ + 𝐹௔௘

𝐹௘஺ = 𝐹௥஺ 𝐹௘஻ = 0.4𝐹௥஻ + 𝐾஻𝐹௜஻

* If calculated equivalent load is less than radial load, then use radial load instead.
TechRef: TIMKEN ENGINEERING MANUAL, p.43

FiA FiB FiA FiB
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Load-Life-Reliability Relation (Tapered Roller Bearing)

For ball and cylindrical roller bearings, the load-life-reliability 
relationship using three-parameter Weibull distribution :

௫ವ

ೌ೑ಷವ

಴భబ

ೌ

ି௫బ

ఏି௫బ

௕

௫ವ

ೌ೑ಷವ

಴భబ

ೌ

ି௫బ

ఏି௫బ

௕

For tapered roller bearings, using Timken’s two-parameter Weibull 
distribution (x0= 0, q =4.48, and b=1.5), above equation can be reduced 
to

஽
௙ ஽

ଵ଴

௔

଴

଴

௕

஽ ௙ ஽

ଵ଴

௔ ௕

஽
஽ ௙ ஽

ଵ଴

௔ ௕
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EXAMPLE 11-8

The shaft carries a helical gear with a tangential force of 3980 N, a radial force 
of 1770 N, and a thrust force of 1690 N at the pitch cylinder with directions 
shown. The pitch diameter of the gear is 200 mm. The shaft runs at a speed of 
800 rev/min, and the span (effective spread) between the direct-mount 
bearings is 150 mm. The design life is to be 5000 h and an application factor of 
1 is appropriate.

If the reliability of the bearing set is to be 0.99, select suitable single-row 
tapered roller Timken bearings.

External axial load is in –X direction.

Assign left-side bearing as bearing A,

right-side bearing as bearing B

Assume direct mounting
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EXAMPLE 11-8

 Gear Load:

– tangential force of 3980 N, 

– radial force of 1770 N, and 

– thrust force of 1690 N

 Pitch Dia=200mm

 Location A: single-row tapered-roller Timken bearings

 Location B: single-row tapered-roller Timken bearings

 Design life is 5000h

 Bearing set reliability 0.99 

 Application factor is to be 1.

 Direct mounting
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EXAMPLE 11-8
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EXAMPLE 11-8
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EXAMPLE 11-8
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EXAMPLE 11-8
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EXAMPLE 11–10

In Ex. 11-8 bearings A and B (cone 15100 and cup 15245) have C10= 12100 N. 
What is the reliability of the pair of bearings A and B?

Solution:

Desired life ஽
௅ವ

௅ೃ

଺଴ ℒವ௡ವ

ଽ଴ ల

଺଴ȉହ଴଴଴ȉ଼଴

ଽ଴ȉଵ଴ల

For bearing A, FD = FeA = 4938 N, and af = 1:

஽஺
௫ವ

ఏ

௔೑ிವ

஼భబ

௔ ௕
ଶ.଺଻

ସ.ସ଼

ଵȉସଽଷ

ଵଶଵ଴଴

భబ

య

ଵ.ହ

For bearing B, FD = FeB = 2654 N, and af = 1:

஽஻
௫ವ

ఏ

௔೑ிವ

஼భబ

௔ ௕
ଶ.଺଻

ସ.ସ଼

ଵȉଶ଺ହସ

ଵଶଵ଴଴

భబ

య

ଵ.ହ

Reliability of the bearing pair is

஽஺ ஽஻
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EXAMPLE 11-42

For the shaft AB, perform a preliminary specification for tapered roller bearings 
at A and B. A bearing life of 500 million revolutions is desired with a 90 percent 
combined reliability for the bearing set, assuming distribution data from 
manufacturer 1 in Table 11–6. 

Should the bearings be oriented with direct mounting or indirect mounting for 
the axial thrust to be carried by the bearing at A? 

Assuming bearings are available with K=1.5, find the required radial rating for 
each bearing. For this preliminary design, assume an application factor of one.

Given:

FrA=1643 lbf

FrB=758 lbf

Fae=92.8 lbf
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EXAMPLE 11-42 (Cont’d)

௜஺
௥஺

஺

௜஻
௥஻

஻

Direct Mounting: ௜஺ ௜஻ ௔௘

௜஺ ௔௘ ௜஻

Bearing B carries the axial thrust.

௘஺ ௥஺

௘஻ ௥஻ ௜஺ ௔௘

Indirect Mounting:

௜஺ ௜஻ ௔௘

௜஺ ௜஻ ௔௘ Bearing B carries the axial thrust.  

௘஺ ௥஺

௘஻ ௥஻ ௜஺ ௔௘

Will select indirect mounting since it results in lower FeB.

Fae

FiA FiB Direct
Mounting

FiA FiB Indirect
Mounting
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Tapered Roller Bearing Equivalent Load Calculation
Direct Mounting

If 𝐹௜஺ ≤ 𝐹௜஻ + 𝐹௔௘

𝐹௜஻ =
଴.ସ଻ ೝಳ

௄ಳ

𝐹௜஺ =
଴.ସ଻ிೝಳ

௄ಳ
+ 𝐹௔௘ = 𝐹௜஻ + 𝐹௔௘

𝐹௘஺ = 0.4𝐹௥஺ + 𝐾஺𝐹௜஺ 𝐹௘஻ = 𝐹௥஻

If 𝐹௜஺ > 𝐹௜஻ + 𝐹௔௘

𝐹௜஺ =
଴.ସ଻ ೝಲ

௄ಲ
       

𝐹௜஻ =
଴.ସ଻ிೝಲ

௄ಲ
− 𝐹௔௘ = 𝐹௜஺ − 𝐹௔௘

𝐹௘஺ = 𝐹௥஺ 𝐹௘஻ = 0.4𝐹௥஻ + 𝐾஻𝐹௜஻

Indirect Mounting

If 𝐹௜஺ ≤ 𝐹௜஻ − 𝐹௔௘

𝐹௜஻ =
଴.ସ଻ிೝಳ

௄ಳ

𝐹௜஺ =
଴.ସ଻ிೝಳ

௄ಳ
− 𝐹௔௘ = 𝐹௜஻ − 𝐹௔௘

𝐹௘஺ = 0.4𝐹௥஺ + 𝐾஺𝐹௜஺ 𝐹௘஻ = 𝐹௥஻

If 𝐹௜஺ > 𝐹௜஻ − 𝐹௔௘

𝐹௜஺ =
଴.ସ଻ிೝಲ

௄ಲ
       

𝐹௜஻ =
଴.ସ଻ ೝಲ

௄ಲ
+ 𝐹௔௘ = 𝐹௜஺ + 𝐹௔௘

𝐹௘஺ = 𝐹௥஺ 𝐹௘஻ = 0.4𝐹௥஻ + 𝐾஻𝐹௜஻

* If calculated equivalent load is less than radial load, then use radial load instead.
TechRef: TIMKEN ENGINEERING MANUAL, p.43

FiA FiB FiA FiB
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Tapered Roller Bering Frictional Torque Calculation
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Running Torque

Assume the bearing running torque has 
stabilized after an initial period referred to 
as running-in.

ଵ ଵ
଴.଺ଶ ௙యிೝ

௄

଴.ଷ

௠௜௡
௞మ

ఓீమ

௙మிೝ

௄

ଶ/ଷ

n = shaft speed (rpm)

k1 = 2.56x10-6 (N-m); or 

k1 = 3.54x10-5 (in-lbf)

k2 = 625 (metric) or 1700 (inch)

μ = lubricant dynamic viscosity at 
operating temperature (centipoise)

f3 = combined load factor

f2 = combined load factor

TechRef: TIMKEN Tapered Roller Bearing Catalogue, p.51
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Running Torque

Assume the bearing running torque has 
stabilized after an initial period referred to 
as running-in.

ଵ ଵ
଴.଺ଶ ௙యிೝ

௄

଴.ଷ

௠௜௡
௞మ

ఓீమ

௙మிೝ

௄

ଶ/ଷ

n = shaft speed (rpm)
k1 = 2.56x10-6 (N-m); or 
k1 = 3.54x10-5 (in-lbf)
k2 = 625 (metric) or 1700 (inch)
μ = lubricant dynamic viscosity at 
operating temperature (centipoise)
f3 = combined load factor
f2 = combined load factor

The torque equations will be 
underestimated if n is less than nmin.
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Example
Calculate the running torque of a Timken TS 05075X tapered roller bearing with 
shaft speed of 4000rpm and lubricated with SAE 30 oil operated at 65oC. 

Fr=3000 N, Fa=1500 N

K=1.64, 
௄ிೌ

ிೝ

f3=0.6 (from chart)

Viscosity @65oC=25cP

ଵ ଵ
଴.଺ଶ ଷ ௥

଴.ଷ

ି଺ ଴.଺ଶ

଴.ଷ
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Selection of Tapered Roller Bearing


