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Fig. 2 Iterative calculation procedures of thermal analysis on the 
bearing heat generation and temperature prediction.
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Fig. 1 Approximation of temperature dependent viscosity of the 
bearing lubricant.

1. Introduction
Angular contact ball bearings are designed to sustain the combina-

tion of radial and axial loading and they find many high speed 
applications such as aero engines, dentistry equipments, and high 
precision machine tools due to their versatile functionality. Although 
the angular contact ball bearings feature relatively low friction and 
low lubrication requirements, frictional heat is still inevitable and 
can cause serious problems especially when the bearings operate 
at high speed and/or the applied load is high.

An excessively high temperature rise due to the frictional heat 
generation in ball bearings has been one of the primary reasons 
for the bearing failure, not to mention that it adversely affect the 
bearing life and reliability.(1-3) Therefore, it is important to estimate 
the frictional heat generation and the bearing temperature with a 
reasonable degree of accuracy in order to have the operating temper-
ature of the bearing well within the recommended range depending 
on the bearing applications and to ensure the high speed machining 
with high precision.

This study presents the assessment of frictional heat generation 
and the thermal modeling of heat dissipation as well as the resulting 
temperature increase in the angular contact ball bearings.

2. Modeling Approach
 

2.1 Frictional Heat Generation
Heat generation in a ball bearing operation is dominantly caused 

by the frictional torques between the balls and the raceways of 
the bearing, which in turn increases the bearing temperature. Those 
frictional torques could come from several different mechanisms 
and they are estimated using the methods as compiled by Harris.(1)

The frictional torque (in N·mm) due to the viscosity of the lubricant 
is given by the following empirical formula

 



  ≥ 

×
   

(1)

where  is the kinematic viscosity of lubricant (in cSt) and n is 
the rotational speed (in rpm), while  is the pitch diameter (in 
mm) of the bearing. The factor  depends on the bearing types 
and the lubrication methods.

The frictional torque (in N·mm) due to the applied load occurs 
when the rolling elements roll over the raceways while loaded, 
and it can be estimated by

    (2)
where   depends on the magnitude and direction of applied load, 
and  depends on the bearing types and the relative load. 

The frictional torque (in N·mm) due to the spinning motion results 
from the spinning of each ball normal to the contact area between 
the balls and the raceways and it is evaluated as

   (3)
where  is the frictional coefficient, and Q, a, and  are related 
to the elliptical contact surface between the ball and the raceway.

Lastly, the frictional torque (in N·mm) due to the gyroscopic 
motion of the bearing balls is also evaluated by

  ×
 (4)

assuming the bearing balls are made of steel. In Eq.(4),  and 
 are the orbital and rotational speeds of the balls, respectively, 
while   and D are the ball attitude angle and the ball diameter, 
respectively.

Therefore, the total heat generation (in W) from those various 
frictional torques is now found to be

  ×
   (5)

where Z is the number of balls in the bearing and   is the spinning 
speed (in rpm) of the bearing balls normal to the contact area.

 

2.2 Heat Dissipation and Lubricant Viscosity
The possible dissipation routes for the generated frictional heat 

might be the conduction through the outer raceway to the housing 
and through the inner raceway to the shaft, and convection by the 
air and oil flows. Among them, the convective heat transport by 
the oil and air can be dominant, while the other routes are found 

451



한국정밀공학회 2010년도 춘계학술대회논문집              

to be relatively small and not considered here. Heat transfer co-
efficients are estimated by the following empirical formulas.

  
  

 (6)

  
 

  
 (7)

where  is the rotational speed in rad/s. Heat dissipation by those 
convective modes is found to be

   (8)
where  is the reference temperature, while the areas are(2)

  
 

  and    (9)
where d and r are the ring diameter and the curvature of raceways.

The viscosity of bearing lubricant heavily depends on the temper-
ature and it drops drastically even with small increase of temperature. 
In predicting the bearing temperature, temperature dependence on 
the lubricant viscosity should be considered. As with the most liquids, 
the lubricant viscosity (in cSt) can be approximated by

     (10)
where T is the absolute temperature (in K). In this study, the constants 
 and  are 61.52 and -10.18, respectively, which are based on 
the measurements(4) for the lubricant of No. 2 spindle oil at 20, 
50, and 100°C, as shown in Fig. 1.

The calculation procedures used here are summarized in Fig. 
2. For a given ball type, the dynamic contact angles are first calculated 
following the method listed by Harris,(1) and then the total value 
of frictional heat and the resulting temperature are estimated from 
the balance of heat generated and dissipated. Note that the initial 
guess for temperature is required for the iterative scheme to account 
for the temperature dependent viscosity.

3. Results and Discussion
In following the calculation procedures listed above, the present 

study assumes the steady state and considers only the axial loading. 
The angular contact ball bearing used is the SKF 7218 model. The 
number of the balls is 16. The pitch diameter is 125.26 mm and 
the ball diameter is 22.23 mm. The reference temperature is set 
to be 30°C. Oil mist type is selected for the lubrication method 
(=1.7 in estimating viscous frictional heat generation).

Table 1 shows the effect of the axial loading on the frictional 
heat generated at the axial loading of 0, 1, and 5 kN. Although 
the heat generation due to viscous friction (Hv) is load-independent, 
its amount decreases with increasing axial load because of the decreas-
ing viscosity. Also, the contributions from the gyroscopic (Hg) and 
spinning motion (Hs) of the balls to the total frictional heat become 
more significant with higher axial loading on the bearing. In contrast, 
the frictional heat by the applied load (Hl) is found to be minor 
even with the high axial loading.

The effect of the increasing rotational speed on the temperature 
increase is shown in Fig. 3 at several levels of axial loading. The 
increasing temperature lowers the lubricant viscosity, which in turn 
decreases the frictional heat. Therefore, as the rotational speed in-
creases, the bearing temperature increase is still monotonous but 
the relative effect of the rotational speed becomes less at higher 
rotational speed. Also, below the certain axial loading of several 
hundreds Newtons, temperature increase is not affected significantly 
by axial loading. The effect of axial loading becomes pronounced 
only after approximately 1000 N of force loaded on the bearing. 
Although not shown in the figure, the convection by oil flow is 
found to be much greater than the air convection effect by moving 
elements inside the bearing.

Overall, temperature increase in angular contact ball bearings 

is very significant at high speed operation. In order to lower the 
bearing temperature, the dedicated method of cooling is required 
such as the use of water cooling jacket in the housing or forced 
air cooling in the lubrication techniques.

4. Conclusions
The present study focuses on the thermal modeling of heat gen-

eration and the temperature increase in the angular contact ball 
bearing. Frictional heat generation due to viscous friction, applied 
load, gyroscopic and spinning ball motions are considered and the 
effects of axial loading and rotational speed are investigated. 
Temperature dependent viscosity of lubricant is also included in 
the calculations by using iterative scheme and its effect is found 
to be profound in the temperature analysis.
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Table 1 Calculated frictional heat generation (in W)  in the bearing.

axial
load
(kN)

10,000 rpm 20,000 rpm

Hv Hl Hs Hg Hv Hl Hs Hg

0 739.5
(100%)

0
(0%)

0
(0%)

0
(0%)

1796
(100%)

0
(0%)

0
(0%)

0
(0%)

1 650.4
(67.3%)

24.4
(2.5%)

87.5
(9.1%)

203.5
(21.1%)

1578
(70.0%)

47.7
(2.1%)

217.5
(9.7%)

411.3
(18.2%)

5 428.3
(21.0%)

178.6
(8.7%)

493.2
(24.1%)

943.8
(46.2%)

941.7
(18.6%)

391.6
(7.7%)

1694
(33.5%)

2034
(40.2%)
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Fig. 3 The effects of the rotational speed and the axial loading on 
the bearing temperature increase.
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