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RESEARCH ON ACTIVE HEAT DISSIPATION METHOD OF
HIGH SPEED THREE-SPOT BEARING

ABSTRACT

As a typical part of "five-point bearing" in aero engine spindle, the
service performance of three-point contact ball bearing directly affects the
reliability of the aero engine. However, affected by the service conditions
of aviation engines, three-point contact ball bearings need to work stably
under extreme conditions such as high speed, depleted oil, high
temperature and heavy load, so that they have to face the high
temperature challenges brought by extreme conditions, which seriously
affects the service stability of bearings themselves and aviation engines.
Therefore, this paper takes three-point contact ball bearing as the research
object to study the mechanism of heat generation and heat dissipation, in
order to obtain an effective active heat dissipation method of three-point
contact ball bearing. The main research contents are as follows:

(1) The pseudo-static analysis model of three-point ball bearing was
established, and the heat generation analysis method of three-point
contact ball bearing was developed based on the local method to calculate
the heat generation power of bearing, and the influence of working

conditions and structural parameters on the heat generation of three-point
1l
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ball bearing was analyzed. The results show that the power consumption
of outer ring sliding friction and inner ring spin friction is relatively large
under the condition of changing bearing speed and load force. When the
structural parameters of the groove curvature coefficient and the initial
contact Angle of the bearing are changed, the power consumption of the
ball spin friction and the outer ring differential friction is relatively large.

(2) The heat grid method is used to establish a three-spot bearing
thermal analysis model. When building the heat transfer model, the heat
transfer coefficient and thermal resistance between nodes are calculated
according to the bearing structure, lubricating oil characteristics and other
parameters, and then the heat balance equation of each node is established
to obtain the temperature of each temperature node. At the same time, the
temperature change of bearing nodes is explored by changing the working
conditions. The results show that the nodes with high temperature in the
process of high-speed operation of three-point contact ball bearings are
mainly the contact point between the ball and the inner ring, the
temperature of the inner ring and the temperature of the spindle.

(3) The finite element method is used to analyze the three-penalty
bearing model, establish the three-penalty bearing heat dissipation model
with active outer ring, establish the fluid-structure coupling model,
analyze the change of bearing active heat dissipation temperature field,

and then analyze the efficiency of bearing active heat dissipation.

v
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Different inlet oil temperatures were set to analyze the change of heat
dissipation efficiency of the three-ball bearing active outer ring under
different oil temperatures. After analysis and calculation, the average
temperature of the bearing outer ring was reduced by about 20%
compared with the bearing outer ring without spiral groove, and the heat
dissipation effect was good.

(4) Finally, through the test verification of high-speed three-ball
bearing, the heat dissipation test of the three-ball bearing with an active
outer ring is carried out to verify the theoretical analysis and simulation
results. Under the conditions of changing speed and inlet oil temperature,
the test results show that the temperature of the bearing outer ring
decreases significantly under the condition of heat dissipation by spiral
groove of the bearing outer ring, which is consistent with the heat
dissipation analysis results mentioned above.

In this paper, based on quasi-static analysis, the power consumption
and node temperature of three-ball bearing under high-speed working
conditions are analyzed, and the active outer ring heat dissipation for
three-ball bearing is designed and the heat dissipation results are analyzed,
which provides a basis for the design of high-speed three-ball bearing
active outer ring heat dissipation.

Key words:three-spot bearing, spiral groove, bearing heat dissipation,

computational fluid dynamics, fluid-structure couplin.
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