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Abstract: In view of the fault of ball bearing in a liquid rocket engine turbopump during
the experiment, the failure mechanism of bearing was analyzed, the key structural parame-
ters of bearing were optimized. The contact stress, contact angle, spin-to-roll ratio, slip ra-
tio of cage and orbit trajectory of cage’s centroid were compared and analyzed by means of

SARB (simulation and analysis of rolling bearings) software. Experiment was done to verify
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the improvement and the dynamic analysis results of ball bearing. Results showed that after

the structural parameters of the bearing were improved, the contact angle between steel ball

and inner ring was reduced, the cage slip rate declined from 10% to 4%, and the spin-to-roll

ratio and slip speed were reduced, and the stability of steel ball and cage was improved.
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Table 1 Major parameters of bearing

ZH Bl
7K 442/ mm 215
7K N 42 /mm 120
Sh Bl 58 BE /mm 40
HBR B A% /mm 30. 162
PREFRHME /mm 185. 4
PREFZ AR /mm 159
PTRFF R 98 /mm 40. 2
YL H A2/ mm 31. 80
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Fig. 1 Cryogenic experiment system for bearing
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Fig. 4 Surface appearance of steel ball and cage
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Table 2 Surface hardness of loaded inner-ring

and steel ball
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Table 3 Metallographic test results of loaded inner-ring

and steel ball

TARAAFR Vel K SE G/ G AR T B B e 51

N 3 R WL % e i 24 41
HER 3 R L B B3 B e 43 41 41

TE VR [0 A AR A b o AR O 2 ~ 5 ., LA AN L ik
A TE BRI B e i«

1 3 25 D 52 28 P el A0 B Ry 4 [ K
HABIFFH IB/T1460-2010 bR ; @ 28N
| 1A TR 2 011 2 e U 45 X Sk ) T4 A DL R o
B
1.3 #BERESDH

D) 23N I8 iz 5 Ul AT 2 Y 18 1 3 38
10 5T To i R S A I A B Y R .
Hh VR i A i AT — ) 3 e A 30 A A X A O
T AR R B A o B LI P R A O R
O B v T B AR R O B g RN IRIE T
ARy T W2 B R 7 5

2) B BR R T A7 AR AR E il e T TR R R
@SR AAIRHT B R S E 5 3L R R it
BN R AR AE D EOIR L AROR B ORI 5

3) JH X 32 2 N Rl R 3K s e U Ak 1
PR Al R ) T < A 0 A P R A R 2 T ]
R TEAFAE B BRI ER AR A 5 (0 ) Y R
S 8 5 5 | R 2 S TR £ B [ 3 T T

4) 52 BN PR B BR Y AL B R A AT S
JB/T 1460-2011 FrifE 22K o AN A7 7 J5T o5 [A) R 5

5) DRIEFHL |3 10 A A I Sk 1 Al P 3 33 )
TRFFAR S S 5 A 5 1 kAR T ™ Y R
P4 fih
1.4 AR 5 #

D g N BRI By 5 R« 78 80 1 AR
T At AN i A /0 o PR i A R B R AR X
AN B (W2 3 7 2O I T 2R 3l AR P 4 ek A
RN BR R 7K 52 VR 2y ) A0 i 7K 32 — A B
R CRIPEUR Ty 40 ) %) 0 14K BR 78 P B Y
A B HES Bl 142 Bl SR ER 5 PN e 1 % ik o RN
Bl v Lo a5 C 2 B B R gl e ) L ) B Bk
1149 S Yl e 2 i D 55 PN B Ml DX K 1) e B R
P TR il B Y TR IR %L R (500~ 600 C), 3L
PABR R AT

2) GRS 5] T 1 AR Y S R R . PR R 2R
1 A /N B AR A e T R T 25, 5L IR
BT S AR P | S 1 R A R AR A A

2 - HHARIISIERE ST

O A R R il e A PR R 5 | T A
MR PUTE 2 28 Bl 7R ) it 22 36 >R T DA R et
T7 %% O/ ER BLAS . FE AR AT Bk B e AR VR 1L 5
@ /N il AR A) B A SIS P 9 R
AR T INA R4 s O R AR FFILS] T ] B
RN SRR A TRS PN R Tl N iR g
P R Sk AR SR AS I S BN 4 TR .

R4 HHEAXEENSH

Table 4 Key structural parameters of ball bearing
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Fig. 5 Schematic diagram of bearing simulation analysis
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Fig. 7 Contact angle between steel ball and raceways

12
10
N
> 8
c 6
®
& 4 A ANNAAMAAANNAANNAAN
4
2h/ BCHERIT
Gl
1 1 1 J
0 0.05 0.10 0.15 0.20

A5 B /5
K8 PREFAATHT R

Fig. 8 Cage slip ratio
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