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The temperature of bearings has a significant impact on their service life and flexibility, so
it becomes more important to analyze the temperature field of bearings in high-speed
electric spindle machining applications. Scholars at home and abroad have completed the
thermal characteristics analysis of high-speed bearings from multiple perspectives such as
frictional heat generation, heat transfer, and thermal analysis, but there is less consideration
of the effects of spin, rotation speed, and external loads on the temperature field, and the
complex motion between various components inside the bearing is also ignored. There are
even fewer transient thermal analyses of high-speed bearings using the ANSYS finite
element analysis method. Therefore, this paper carries out a temperature field analysis of
high-speed bearings considering the interactive effects of frictional heat generation. Firstly,
the motion laws of bearings and the mechanism of friction generation are analyzed, and a
high-speed bearing frictional heat generation calculation analysis model that conforms to
actual working conditions is established. Based on the ANSYS finite element analysis
software, the temperature field of high-speed bearings is analyzed, and the internal
temperature field distribution law is obtained by exploring the effects of spin, rotation
speed, and external loads on their temperature field. Finally, the paper presents
experimental analysis results, which verify the effectiveness of the proposed calculation

method and the established model.

1. INTRODUCTION

During the operation of high-speed machine tools, spindle
bearings rotate at high speeds with the electric spindle, and
various friction factors generate resistance torque, intensifying
internal frictional heat generation in the bearings [1-7]. If the
bearing friction torque is too large, the temperature of the
bearing will increase significantly, the lubrication
performance of non-circulating grease will be greatly reduced,
relative thermal displacement will occur inside the bearing
components, and it is easy to cause surface burns on internal
components, leading to bearing failure, damage, or even
premature scrapping [8-13]. The temperature of the bearing
has a significant impact on its service life and flexibility, and
the deformation of components caused by friction factors also
seriously affects the accuracy and stability of machined parts
[14-20]. Therefore, it is more important to analyze the
temperature field of bearings in high-speed electric spindle
machining applications.

Regarding the uneven heating problem of ultra-high
molecular weight polyethylene (UHMWPE) bearings during
the preparation of water-lubricated bearings, Chen et al. [21]
used ICEPAK software to study the temperature distribution
of UHMWPE bearings during the hot pressing process. The
study showed that the non-steady-state heat transfer occurs
during the heating and heat preservation processes of hot-
pressed UHMWPE. Air convection has almost no effect on the
entire process. This research can provide data support for
temperature control and process optimization of UHMWPE-
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based water-lubricated bearing hot pressing process. The
rheological properties of grease have an important impact on
bearing heating and heat transfer. However, due to the
combined effects of shear rate, temperature, and load, there are
few studies on bearing temperature fields considering the
rheological properties of grease. Wang et al. [22] used the
Bauser four-parameter model to describe the rheological
properties of grease, calculated the heat generation of bearings
under grease lubrication conditions, and considered the effects
of different grease base oil viscosities. Finite element analysis
of the bearing temperature field was conducted, and the
influence of plastic viscosity and shear rate on heat generation
and heat distribution working conditions was studied. The
results showed that there is a significant difference in the heat
generation of bearings under different grease lubrication
conditions when considering the rheological properties of
grease. Intelligent bearings are one of the research and
development directions of high-end bearings at home and
abroad. Chen et al. [23] studied the structural design issues
related to the integration of rolling bearings and sensors based
on a finite element model. According to the load distribution
of the bearing, the optimal groove position of the bearing was
determined. Considering the impact of bearing load reduction,
the effects of axial and radial grooves on the outer ring on the
maximum deformation and stress of the outer ring were
studied, and the maximum stress and groove size of the outer
ring were determined to provide a basis for the selection and
design of sensor modules. Bao et al. [24] established a
simplified three-dimensional heat transfer model of lubricated
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ball bearings under raceways. The coupled liquid level setting
volume method was used to track the oil-gas two-phase flow,
and the Palmgren method was used to calculate the heat
generation. The effects of rotation speed and inlet velocity on
oil volume fraction, temperature, and convective heat transfer
were studied. Temperature tests were conducted for
lubrication under the raceways.

By analyzing the existing literature, it can be seen that
scholars at home and abroad have completed the thermal
characteristics analysis of high-speed bearings from multiple
perspectives, such as frictional heat generation, heat transfer,
and thermal analysis, and have obtained many research results.
However, the existing results pay less attention to the effects
of spin, rotation speed, and external loads on the temperature
field and ignore the discussion of the complex motion between
various components inside the bearing. There are even fewer
transient thermal analyses of high-speed bearings using the
ANSYS finite element analysis method. Therefore, this paper
carries out a temperature field analysis of high-speed bearings
considering the interactive effects of frictional heat generation.
First, in section 2, the motion laws of bearings and the
mechanism of friction generation are analyzed, and a high-
speed bearing frictional heat generation calculation analysis
model that conforms to actual working conditions is
established. In section 3, based on ANSYS finite element
analysis software, the temperature field of high-speed bearings
is analyzed, and the internal temperature field distribution law
is obtained by exploring the effects of spin, rotation speed, and
external loads on their temperature field. Finally, the paper
presents experimental analysis results, which verify the
effectiveness of the proposed calculation method and the
established model.

2. FRICTIONAL HEAT CALCULATION OF HIGH-
SPEED BEARINGS

In the frictional heat generation calculation and analysis of
high-speed bearings, we need to consider several aspects, such
as the motion laws of bearings, the mechanisms of friction
generation, the actual working conditions of bearings, and the
calculation analysis models. The main motion forms of high-
speed bearings are rolling and sliding, and these two motion
forms cause friction to varying degrees. Rolling friction
mainly occurs between the rolling elements and the raceway,
while sliding friction mainly occurs near the contact points of
the bearing. Understanding these motion laws can help us
calculate the frictional force of bearings more accurately. The
main mechanisms of friction generation include dry friction,
lubricated friction, and mixed friction. In high-speed bearings,
lubrication conditions are usually good, so lubricated friction
and mixed friction are the primary friction mechanisms.
Understanding these mechanisms can help us choose the
appropriate friction model for calculation.

As the rotation speed of high-speed bearings increases, the
heat generated is mainly due to the frictional interaction
between its internal components. When analyzing the
frictional heat generation of high-speed bearings, it is
necessary to first analyze the motion laws of the bearings and
the mechanism of friction generation, and construct a
calculation analysis model that conforms to the actual working
conditions.

Figure 1 shows the velocity vector diagram of the bearing
rolling elements. As shown in the figure, assume that the
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centerline of the bearing is the a-axis, and the central position
of the bearing rolling element is e’. Establish a rectangular
coordinate system a', b', and ¢’ with the a-axis. e’ rotates
counterclockwise by @ in the ac coordinate plane. a’, b’, and ¢’
pass through point e’, and the two coordinate axes are 0.5¢,
apart along the c-axis direction. When the bearing rolling
element rotates around the axis deviating from the a' axis by y
and y’at an angular speed of s, the bearing rotates around the
a axis at an angular speed of 6, and the rolling element rotates
at an angular speed of 6, along the axis direction.
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Figure 1. Bearing rolling element velocity vector diagram

When the gyro rotation of the bearing balls is small enough
to be negligible, let a=C/c,. The following formula can be
used to calculate the spin angular velocity of the balls relative
to the bearing inner ring:

_[a'siny +sin(f -
1-a'cosf3

7)]6s

(1

-

Furthermore, the spin angular velocity of the rolling
element relative to the bearing outer ring can be calculated
using the following formula:

[a siny +sin(4, -7)]6s

1-a'cos 3,

2

If the bearing outer ring is fixed and the inner ring rotates,
the ratio of the spin angular velocity to the angular velocity of
the bearing rolling element can be determined using the
following formula:

b5

R cos B, +tanysin B, N
1+a'cos g,

-1
€os f; +tan ysin 3
1-a'cos f

ja'cos;/ 3)

Assuming that the bearing attitude angle is represented by v,
the ratio of the bearing ball orbital angular velocity to the
bearing angular velocity can be further determined using the
following formula:

6

%

1-a'cos f,

1+cos(B —5,) )



The calculation formula for y is as follows:

sin g,
a'+Cos B,

y=ptan 5)

Since the frictional heat generation of high-speed bearings
results from the conversion of the loss power due to the
frictional interaction between internal components, this article
first calculates the friction torque of the bearing. Assume that
the total heat generated by the rolling bearing is represented
by F, the inner ring rotation speed of the bearing is represented
by m, and the friction torque of the bearing is represented by
N. The calculation formula is as follows:

F =1.01x10°Nm (6)

Assuming the friction coefficient of the rolling bearing is
represented by /, the inner diameter of the rolling bearing is
represented by c, the load-bearing capacity of the bearing is
represented by 7, and the rated dynamic load of the bearing is
represented by D. When the lubrication performance of the
bearing grease is good and the speed and load of the high-
speed bearing have not reached their peak, the friction torque
can be calculated using the following formula:

1
N == AcT

2 ™)
T ~0.1D

Here, the bearing load T is the radial load on the centripetal
roller bearing or the axial load on the thrust roller bearing. For
bearings with both axial and radial loading, if G\/G,<1.5 tanp,
then 7 is assumed to be the radial load; if G/G<1.5 tanp, then
T is assumed to be the axial load.

As the rotation speed of high-speed bearings increases, the
friction torque gradually increases, and the amount of heat
generated increases. The following formula gives the
calculation formula for bearing friction torque:

N=No+N, ®)

The friction torque of high-speed bearings is greatly
affected by the friction torque generated by the spinning and
sliding of the rolling elements. Therefore, this paper takes into
account the frictional heat generated by the spinning motion of
the bearings when performing friction heat generation
calculations and analysis for high-speed bearings. In the
frictional heat generation analysis of high-speed bearings, we
first need to consider the spinning friction torque and the radial
load of the bearings. Let the spinning friction torque be
represented by Nr, the radial load between the rolling elements
and the raceway be represented by I, and the long axis width
of the contact angle be represented by x. Based on these
parameters, we can calculate the spinning torque:

3AWXE
8

N, ©)

The frictional heat generated between the inner and outer
rings and the rolling elements of the bearing is represented by
F; and F., respectively. The total frictional heat generated in
the bearing is represented by F. The spinning speed of the
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rolling elements relative to the inner ring of the bearing is
represented by 6,;. Based on these parameters, we can calculate
the frictional heat generated in the inner and outer rings of the
bearing:

1(2n

60
1(2x (10)

F=={Zm(N.+N

© 2(60 (N, ')j

F=F+F,

When analyzing the temperature field of high-speed
bearings, it is necessary to evenly distribute the heat generated
by the friction interaction between the rolling elements and the
inner and outer rings of the bearing, as well as the heat
generated by their spinning friction, in the same proportion to
the inner and outer rings and rolling elements. Assume that the
heat flux density acting on the outer ring of the high-speed
bearing is represented by we, the heat flux density on the inner
ring is represented by w;, the contact area between the rolling
elements and the inner ring is represented by X., and the
contact area with the outer ring is represented by JX;. The
formula for calculating the heat source heat flux density on the
inner and outer rings of the bearing is as follows:

1
W=
i
1 (11)
“F
w, =2
Xe

In order to accurately calculate the heat generation of high-
speed bearings considering the interaction effect of frictional
heat, this article constructs a Palmgren frictional heat
calculation model. Based on the bearing frictional heat
analysis results of ANSYS finite element analysis software, the
total frictional heat generation can be further calculated using
MATLAB software based on fixed parameter values such as
bearing inner diameter, outer diameter, and rotation speed.
Figure 2 shows the simulation analysis flowchart of high-
speed bearing frictional heat generation.
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Model establishment
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Calculate friction
torque
h 4

Calculate heat
generation power

Load boundary
conditions and loads

End

Model slicing

Create contact for friction
interaction of bearing components

Mesh generation

Figure 2. High-speed bearing frictional heat generation
simulation analysis flowchart



3. TEMPERATURE FIELD ANALYSIS
SPEED BEARINGS

OF HIGH-

Next, this article will conduct a temperature field analysis
of high-speed bearings based on ANSYS finite element analysis
software. By exploring the effects of the spin, rotation speed,
and external load of high-speed bearings on their temperature
field, we can obtain the internal temperature field distribution
rules. First, the temperature distribution of high-speed
bearings is derived based on the steady-state thermal analysis
of ANSYS finite element analysis, and the corresponding finite
element control equation is obtained.

Assume that density is represented by o, specific heat
capacity by d, temperature by P, time by p, heat generation
rate per unit volume by w", and the thermal conductivity
coefficients of unit @, b, and ¢ directions are represented by /.,
I, and [, respectively. The mass heat transfer velocities are
represented by u,, us, and u.. Based on the first law of
thermodynamics and Fourier's law, the following differential
control equation for high-speed bearing heat conduction can
be constructed:

2, 2)2]
da\ 2 da) ob

oP oP oP
=od| —+V, —+V, —
oa b

a—Pj+ﬁ(l a—P)+W*
% p ) ac € ac

oP
oc
In the actual working conditions of high-speed bearings, it
is necessary to fully consider the three boundary conditions of
fixed temperature, fixed heat flow, and fixed convection heat
transfer. Assume that the overall specific heat capacity matrix
is represented by [D], the overall thermal conductivity matrix
by [Lp], and the overall thermal load vector by {#}. Based on
the above formula and deriving the boundary conditions, the

finite element control equation for high-speed bearing
temperature field analysis can be constructed:

[DI{P}+[Le]{P} =W}

When the temperature field of high-speed bearings tends to
stabilize over time, the above equation can be simplified as
follows:

(12)

+Uc

(13)

[Le ]{P} = {W}

Figure 3 shows the schematic diagram of heat transfer
between components inside a high-speed bearing, displaying
9 types of heat transfer modes. Ignoring radiation heat
dissipation, it is assumed that high-speed bearings mainly
transfer heat through conduction and convection. In order to
obtain more accurate bearing temperature field analysis results,
it is important to focus on constructing the heat transfer and
heat exchange model of high-speed bearings. Since the heat
transfer process inside the bearing is relatively simple to
calculate, this article focuses on constructing the heat
exchange model for high-speed bearings.

For high-speed bearing systems, convective heat transfer
can be considered as heat transfer between the thermal fluid
and the surfaces of internal components. Assume that the heat
exchange amount is represented by ¥, the convective heat
transfer coefficient by f, the contact surface area by X, and the
temperature difference between the fluid and solid surface by

(14)
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Ap. The following formula gives the convective heat
calculation formula based on Newton's cooling law:

Y= fXAp (15)
l ha Retaining ring
| [
v v
4—h5+
7 I :
7 n f l j
Shaft ring l v hs ’ Seat ring

Rolling élement

Figure 3. Schematic diagram of heat transfer between
components inside a high-speed bearing

In the above formula, the convective heat transfer
coefficient f'is difficult to obtain in line with actual values due
to the influence of various complex factors, so further
discussion on its calculation method is needed.

The calculation of the convective heat transfer coefficient f
needs to be limited by the type of bearing. Assume that the
thermal conductivity coefficient and the Prandtl number of the
grease are represented by / and P,, respectively, the Reynolds
number by R.~va/u, the dynamic viscosity of the grease by uo,
and when considering the heat transfer between the bearing
and the grease, the surface velocity of the bearing cage is
represented by v, the pitch circle diameter by a. The forced
convection heat transfer coefficient for heat transfer from the
bearing and the inner wall of the bearing to the grease can be
calculated using the following formula:

f:0.315!; PY3RY2: R, <5x10° (16)

Assume that the ambient temperature is represented by Pk,
the outer diameter of the bearing housing by Cj, the air thermal
conductivity coefficient by [, R—=vC/u,, the airflow velocity
by v, and the dynamic viscosity of air by u,. The following
formula provides the convective heat transfer calculation
between the bearing housing outer surface and the air:

0.298(P P,

f= I
0.298 -
C

f

0.237 .
)", Natural convection

) 17
R£‘525, Forced convection 47

Assume that the angular velocity and diameter of the
bearing's rotating axis are represented by € and c, respectively,
and the dynamic viscosity of the grease is represented by wu.
Simplify the previous two formulas and let R,=r0c*/u. Then,
the forced convection heat transfer coefficient calculation
formula between the outer surface of the rotating axis and the
lubricating oil is as follows:

2 0.35
f =0.116(0.5NO GF ) (18)



Assume that the working speed of the rotating ring is
represented by m, and the pitch circle diameter of the bearing
is represented by c,. Then, the forced convection heat transfer
coefficient calculation formula between the lubricating grease
and the inner surface of the bearing can be updated as follows:

1/2
f :0.0986[%(1—Mﬂ IGFY3 (19)

Cq

The temperature field of high-speed bearings is influenced
by various factors, such as bearing geometry, material
properties, working conditions, and lubrication status. The
interaction among these factors makes the distribution of the
temperature field complex. Using finite element analysis
software can better simulate the impact of these complex
factors, thus obtaining more accurate results. The method
based on ANSYS finite element analysis software can flexibly
handle different boundary conditions and material properties,
providing effective thermal analysis for different types of
high-speed bearings. In addition, this method can conveniently
perform parameter sensitivity analysis to identify the key
factors affecting the bearing temperature field. The high-speed
bearing finite element model constructed in this paper consists
of about 15,000 three-dimensional solid elements, 23,000
three-dimensional surface effect elements, and 680,000 nodes.

Two types of loads need to be applied during the bearing
temperature field analysis. For the heat flux density load,
assume that the heat generated by the load on the contact areas
of the balls and inner/outer rings is represented by Fy, the heat
generated by the load on the ball surface caused by rolling
friction and spin-sliding is represented by F, and F,,
respectively. The heat flux densities in the corresponding
contact areas of the balls and outer raceway are represented by
wi and w», the heat flux densities in the corresponding contact
areas of the balls and inner raceway are represented by ws and
ws, the heat flux density in the non-contact area of the balls is
represented by ws, and the contact surface areas of the balls
with the inner and outer raceways are represented by X; and X,
respectively. The non-contact surface area of the balls is
represented by X. The heat flux density between the various
parts of the bearing can be calculated based on the following
formula:

_ . 0.25F
h=Wp =—— (20)
(o]
wy =, = 255 on
Xi
F+F
Wy = UX L (22)

In summary, the following boundary conditions can be set
for the steady-state temperature field analysis of the bearing:

Condition 1: wi, wa, ws, ws, and ws are directly applied to
the solid elements of the high-speed bearing finite element
model.

Condition 2: Convective loads are applied to the contact
areas of the high-speed bearing's inner and outer raceways and
the surface effect elements of the balls. The aforementioned
areas are also subjected to thermal convection, while
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convective loads are directly applied to the solid elements in
other surface areas of the bearing.

4. EXPERIMENTAL RESULTS AND ANALYSIS

This article first analyzes the temperatures of various parts
of high-speed bearings under different actual working
conditions, setting the axial load of the bearing at ON, 150N,
and 300N, the radial load at 200N, and the rotation speed
variation range at [3000r/min, 10000r/min]. Since the friction
torque of high-speed bearings is less affected by radial load,
the change in temperature rise is not significant. Figures 4-6
show the temperature variation curves of the high-speed
bearing balls, inner raceway, and outer raceway at different
rotation speeds.

== (N == 150N 300N

100
90
80
70
60
50
40
30
20
10

0

Ball temperature

3000 4000 5000 6000 7000 8000 9000 10000

Rotation speed

Figure 4. Temperature variation curve of high-speed bearing
balls at different rotation speeds
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Figure 5. Temperature variation curve of high-speed bearing
inner raceway at different rotation speeds

As can be seen from Figures 4-6, the temperatures of the
inner and outer rings and rolling elements of the bearing
continue to increase with the increase in the rotational speed
of the inner ring of the high-speed bearing. The faster the speed
increases, the more significant the temperature rise of the
bearing. The main reason is that during high-speed operation,
the frictional force between the inner and outer rings and
rolling elements of the bearing increases, resulting in an
increase in frictional heat generation. As the speed increases,
the rate of frictional heat generation also increases, causing the
bearing temperature to rise. With the increase in speed, the



flow rate of the lubricating oil inside the bearing accelerates,
which may lead to a reduction in the thickness of the
lubricating oil film, making the contact between the internal
components of the bearing more intimate, and thereby
generating more frictional heat. In addition, lubricating oil is
more likely to oxidize and decompose at high speeds, reducing
its lubrication performance. At the same time, during high-
speed operation, the heat conduction effect between the inner
and outer rings and rolling elements of the bearing is enhanced,
allowing heat to be transferred more quickly to various parts
of the bearing. Therefore, to reduce the temperature rise of the
bearing, measures such as improving bearing design, choosing
suitable lubricants, and optimizing the working environment
can be taken to reduce frictional heat generation and improve
heat dissipation.
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Figure 6. Temperature variation curve of high-speed bearing
outer raceway at different rotation speeds
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Figure 7. Temperature variation curve of high-speed bearing
inner and outer raceways at different rotation speeds

Figure 7 shows the change curves of the heat flux density of
the inner and outer rings of the high-speed bearing raceway at
different speeds, and Figure 8 displays the change in the heat
generation of the high-speed bearing balls at different speeds.
First, we can observe that at different speeds, the heat flux
density change curves of the inner and outer rings of the high-
speed bearing raceway exhibit certain patterns. With the
increase in speed, the heat flux density of the inner and outer
rings gradually increases, which is mainly due to the increase
in frictional heat generation at high speeds and the reduction
in the thickness of the lubricating oil film, among other factors.
In some specific speed ranges, heat flux density may fluctuate,
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which may be related to bearing material properties,
lubrication conditions, and other factors.

Secondly, at different speeds, the heat generation of high-
speed bearing balls also shows a noticeable change trend. With
the increase in speed, the heat generation of the balls usually
exhibits a linear or near-linear growth trend. This is because at
high speeds, the frictional force between the balls and the
raceway increases, leading to an increase in frictional heat
generation. In addition, at high speeds, the aerodynamic loss
of the balls also increases, further contributing to the increase
in heat generation. By analyzing the change curves of the heat
flux density of the inner and outer rings of the high-speed
bearing raceway at different speeds and the change in heat
generation of the balls, we can further generate dynamic
boundary conditions based on different heat generation power
at different speeds. These dynamic boundary conditions can
be applied to finite element analysis software for more
accurately simulating the thermal characteristics of high-speed
bearings at different speeds. In practical applications, these
dynamic boundary conditions can guide bearing designers in
considering the thermal performance of bearings at different
speeds when designing bearings, thereby optimizing bearing
design and usage.
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Figure 8. Heat generation of high-speed bearing balls at
different rotation speeds

Next, this paper conducts a transient temperature field
analysis of the high-speed bearing under the same external
temperature conditions as the experiment. Figure 9 shows the
comparison between the theoretical calculation results and the
experimental calculation results of the temperature change
curve of the inner ring of the high-speed bearing raceway in
the transient temperature field analysis. It can be seen that in
the high-speed bearing transient temperature field analysis,
comparing the theoretical calculation results with the
experimental calculation results of the inner ring temperature
change curve helps to verify the accuracy and reliability of the
high-speed bearing temperature field analysis model
constructed in this paper. Through comparative analysis, we
find that the theoretical calculation results and the
experimental calculation results have a high consistency
throughout the entire operation process.

First, during the bearing start-up phase, the inner ring
temperature gradually increases, and both the theoretical
calculation results and the experimental calculation results
show a similar growth trend. This indicates that the model
constructed in this paper can better describe the change rules
of the inner ring temperature during the bearing start-up



process. Secondly, when the bearing reaches a stable operating
stage, the inner ring temperature tends to stabilize, and the
difference between the theoretical calculation results and the
experimental calculation results is relatively small. This
further confirms the accuracy of the high-speed bearing
temperature field analysis model constructed in this paper
under steady-state conditions. Finally, when the bearing load
or speed changes, both the theoretical calculation results and
the experimental calculation results can respond to these
changes and show similar change trends. This indicates that
the model constructed in this paper has good adaptability when
dealing with dynamic operating conditions.

Theoretical value  =———Experimental value

70

] ] N Ln =3
(=] [=] (=] (= (=]

Inner ring temperature

—_
=

40 60

Time

§0 100

Figure 9. Transient temperature field analysis of high-speed
bearings: inner raceway temperature variation curve

Table 1. Comparison of equivalent stress in bearings under
different axial loads

Equivalent stress

Load Contact Coupled field Pf:rcentage
. . increase
analysis analysis
1000N  405.6 Mpa 442.4 Mpa 9.3%
2000N  587.2 Mpa 648.5 Mpa 13%
3000N  752.6 Mpa 913.5 Mpa 20.6%
4000N  813.5 Mpa 1072.3 Mpa 31.5%

Table 2. Comparison of equivalent strain in bearings under
different axial loads

Mises equivalent strain

Load Contact Coupled field Pf:rcentage
- . increase
analysis analysis
1000N 0.002543 0.002145 10.6%
2000N 0.003545 0.005145 14.1%
3000N 0.003846 0.004154 16.4%
4000N 0.004354 0.005123 22.0%

Finally, this article carries out a thermal-stress coupled
analysis of high-speed bearings. Tables 1 and 2 show the
comparison of equivalent stress and equivalent strain in
bearings under different axial loads, with the axial load in the
experiment varying from 1000N to 4000N. It can be clearly
seen that compared to a single contact analysis, the thermal-
stress coupled field analysis obtains larger bearing stress and
strain. As the axial load increases, the stress and strain of the
high-speed bearing also increase. The main reason is that the
internal temperature of the bearing and the temperature
difference between components increase with the increase of
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axial load, making the thermal stress and thermal deformation
caused by the bearing temperature field more severe.

5. CONCLUSION

This article conducts a temperature field analysis of high-
speed bearings considering the interaction of frictional heat
generation. First, the motion rules of the bearing and the
mechanism of friction generation are analyzed, and a high-
speed bearing friction heat generation calculation analysis
model suitable for actual working conditions is constructed.
Then, based on ANSYS finite element analysis software, a
temperature field analysis is carried out on high-speed
bearings, and the internal temperature field distribution rules
are obtained by exploring the effects of self-spinning, rotation
speed, and external load on the temperature field. The article,
combined with experiments, presents the temperature
variation curves of high-speed bearing balls, inner raceways,
and outer raceways at different rotation speeds. It can be seen
from the comparison that the greater the axial load of the
bearing, the greater the frictional heat generation of the inner
and outer rings and balls, and the more apparent the
temperature rise. The temperature variation curves of the inner
and outer raceways of high-speed bearings at different rotation
speeds are drawn, and the changes in the heat generation of
high-speed bearing balls at different rotation speeds are
analyzed, which can further generate dynamic boundary
conditions based on different heat generation power under
different rotation speeds. A comparison of theoretical and
experimental calculation results for the transient temperature
field analysis of high-speed bearing inner raceway temperature
variation curves is carried out. This validates that the high-
speed bearing temperature field analysis model constructed in
this article can well reflect the change in the inner ring
temperature of the bearing, and the analysis results can provide
a reference for the processing and application of high-speed
bearings under actual working conditions. Finally, this article
carries out a thermal-stress coupled analysis of high-speed
bearings and presents the analysis conclusions.
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