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Abstract: A U-shaped pocket cylindrical roller bearing was proposed to solve the problems of
sliding, frictional heating and fatigue failure of cylindrical roller bearing retainer of aero-engine. The
sliding, frictional moment and fatigue life of the retainer were analyzed. A rigid-flexible coupling
dynamics simulation model of U-shaped pocket cylindrical roller bearings was subsequently established,
leveraging Hertz contact, fluid lubrication, and bearing dynamics theories; Based on the Miner linear
cumulative damage theory, the fatigue life model of the retainer was established. Based on this, the
influences of the bearing structure parameters on the slip, friction moment and fatigue life of the retainer
were studied. The response surface method and NSGA- 1l (nondominated sorting genetic algorithm 1I)

were combined to optimize the bearing structure parameters. The slip rate and friction moment of the
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bearing retainer before and after optimization were compared and analyzed. The results showed that the

bearing structure parameters had a significant impact on the bearing performance. Under the same working

condition, the maximum difference between the cage slip rate and the bearing friction moment

corresponding to different bearing structure parameter combinations reached 3.65% and 1203 N-mm,

respectively; under different working conditions, the maximum sliding rate of the optimized bearing

retainer was reduced by 4.74%, and the maximum friction moment of the bearing was reduced by 548

N-mm; the optimised bearings showed lower cage slip and friction torques than the plain bearings under

different operating conditions.

Keywords: cylindrical roller bearing; cage slippage; frictional torque; fatigue life;

response surface method; genetic algorithm; multi-objective optimization
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Fig. 1 Schematic diagram of U-shaped pocket hole cylindrical

roller bearing structure

B 1Ca) R B AR R TR 1(b) PR 2R )
TPl 11 1(e) MR T2t s I, b HOBiR T
RE, r R THAE, D R TR,

2 HEENFEE

2.1 EXRRE

SRR, XF U IR SRAL IR AR il 3h
SRR DL R

1) PRFFAN R EIR, 25 B M AR TE KR
WPEARTY o B R WA, 200 AR TE,
7% SR A s AR I

2) RSB PR3 I, N P e ELEG s .

3) REFZR 0 oA 5

4) 72 Ak P BRI TS e
22 RFE5RFBEBEEIERER
22.1 R 5 RS BAE A

HIBR T 5 R 2R YR AL SE BRI MRS, K
T fih X 35500 43 A W0 o T A DXL 8 2% 2 fi (X3
Wb O W 2 TR, Ky oA DX B
5 Co A DX B BELJE 5 K, o 422 fih DX 1 iy B
WL 5 K, SRy 432 fl DX 1) 2 ik M B85 ©, ok 422 fh DX 19 445
HMBHJE; Uy, Uy U, 53 5RTR A 55 REFE
U BT NSV S /N L ST 5

\UI f U w \&
| ' l g I.'{lﬁj;s\
|
: K, :
K ! C
"e K l
AR HertzBEfihK 1 HHITK

B2 T SO ALAR AR Y

Fig. 2 Modeling of roller-cage pocket hole interaction
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Table 2 Structural parameters of bearings

Table 1 Bearing parameters in the Ref.[8] B8 U
SR HE PRAFIE A2 /mm 60
fl7RSME/mm 125 PRRFARSME/mm 79.66
7R N4 /mm 70 7R A /mm 40
R E AR /mm 98.5 A& SME /mm 90
1 i /mm 0.05 7R 55 /mm 23
BT HAZ/mm 15 R T HAR/mm 14
WK% /mm 22 R TR mm 15
i/ (r/min) 6000 i i #/ (r/min) 20000
12 B % 7/ (r/min) 6300 W B4 3%/ (r/min) 25000
U B 2T /KN 180 T BT /RN 62
HE WA kN 193 WE RN 52
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Table 3 Material characteristics parameters of bearings

I BEEN0C (kg/mm?®) FRHEREIE/10° (N/mm?) JAMH

PRFrae 7.46 x 1.1 0.3
)] 7.85 2.07 0.29
ShE 7.85 2.07 0.29
BT 7.85 2.07 0.29

x4 HBHEESH

Table 4 Main parameters of the lubricant

SR BAE
/107 (kg/mm®) 8.6
FiEZABU107 (1/Pa) 1.28
B 16/107 (Pass) 3.3
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Fig. 6  Effect of roller groove depth on bearing frictional torque
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Fig. 7 Effect of roller count on cage slip rate

- & - PYIEE 3 410000 r/min, 72728542000 N
- a - NPEEEE 4713000 r/min, 722217 42000 N
- & - NRE#E 3 416000 r/min, 72 [ 381742000 N
- o - PRS2} 10000 r/min, £ 6443500 N
- v - RIS 13000 r/min, £ A #8647 H3500 N
- < - N3 4716000 r/min, 1212817 43500 N
2250

2000 -
1750 |
1500 - - ——-
12504 , .. . R
1000 -
750F #7000
500 P
250 $CCIIII3CIICCC

0 1

JEEHE 14/ (N-mm)

8 IRT BRI 5 AR

Fig. 8 Effect of number of rollers on bearing frictional torque
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