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Effects of Pulse Detonation Axial Load on Fatigue Life of
Split Inner Ring Ball Bearing
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(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: To solve the problem that periodic and strong unsteady axial load in pulse detonation turbine en-
gine (PDTE) may reduce the reliability of the ball bearing, a fatigue life prediction model for a split inner ring
ball bearing was established by using damage mechanics theory and finite element method. The fatigue life of the
split inner ring ball bearing under the periodic and strong unsteady axial load introduced by pulse detonation com-
bustor (PDC) was studied. The results show that two half inner rings initiate cracks at the position of the maxi-
mum shear stress on the subsurface of the contact zone and then the cracks gradually spread to the surface, which
leads to the fatigue failure of the bearing. In the PDC detonation process, the fatigue life of the first half inner ring
is higher because the shear stress range that causes fatigue damage is smaller. In the fill and purge process, the
fatigue life of the second half inner ring is lower due to the contact friction effect and larger shear stress range

caused by the balls roll through the second half inner ring. After the reasonable design of the peak value of axial
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load introduced in the detonation process of PDC, the fatigue life of the split inner ring ball bearing in PDTE is

mainly determined by the contact state of the second half inner ring and the lubrication condition of the bearing.
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inner ring ball bearing
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Fig. 2 Life prediction process of rolling bearings
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Table 1 Geometric parameters of the split inner ring ball
bearings
Parameter Value
Bearing inner diameter/mm 32
Bearing outer diameter/mm 60
Inner ring groove curvature radius/mm 4.905
Outer ring groove curvature radius/mm 4.953
Ball diameter/mm 9.525
Ball number 10
Contact angle/(°) 25.5
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Fig. 5 Finite element model of the first half inner ring
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Table 2 Contact state of the split inner ring ball bearings

First half inner ring

Right side of outer ring

Second half inner ring

Left side of outer ring

almm 2.2479 1.9357
b/mm 0.2059 0.2636
s/mm 0.1020 0.1298
Pon/MPa 3018.8 2738.2
7, /MPa 751.68 679.90

1.3283 1.1439
0.1217 0.1558
0.0603 0.0767
1783.9 1618.1
444.19 401.77
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Fig. 6 Distribution of shear stress for two half inner rings
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Fig. 8 Schematic diagram of damage evolution of the first half inner ring
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