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Abstract: Three indicators, 1. e. , the fluctuation range of instantaneous vibration value,

fluctuation range of average vibration value and the average fluctuation range during the cor-

Y5 B #8:2020-07-13

ELTB HEHRBEIS (51475144) ; W54 H ARSI 4 (162300410065)

PEB BT 052 (1990—) . 5B Wl 2 2 BEWFSE Iy 150 % Sl AR U8 30 1 il AT 4 4 45 A Tl S 1 3 25 B A5 PR
BASIER W6 (1957 ) 93 3042 1k O, 8 b L 32 SR 5 i b v 8l el R P B A AT 5 B A B

E-mail ; xiaxt1957@163. com

S| G 0k, R H AR TR SRR S M R R W SR S5 ORI M O R W S S TEAG LT . A 8 Jy 2% 4, 2020, 35(11) £ 2326~
2338. YE Liang, XIA Xintao,CHANG Zhen. Dynamic evaluation of relationship between vibration performance maintai-

ning reliability and uncertainty of rolling bearings[ J]. Journal of Aerospace Power,2020,35(11):2326-2338.



11 M SR A R SRl R R 2 RE DR T A TR S O 0 2 1 O AR I B AT A 2327

responding period of vibration sequence, were used to characterize the uncertainty of vibra-
tion performance of bearing in service comprehensively, so as to quantitatively analyze the
internal specific relationship between the three uncertainty indexes and vibration performance
maintaining reliability. The maximum entropy method and Poisson process theory were used
to calculate the vibration performance maintaining reliability of bearings. The values of three
uncertainty indexes were calculated in turn based on the grey bootstrap method, bootstrap
method and maximum entropy method, and classical statistical method. A multivariate re-
gression analysis model was established to analyze the expression of the relationship between
the performance maintaining reliability and the three uncertainty indexes. Results showed
that the linear correlation coefficients between performance maintenance reliability and the
three uncertainties were —0. 8437, —0.7798, —0.7597; —0.8354+ —0.8439, —0.8082
for case 1 and case 2, respectively. Both cases show that the fluctuation range of instantane-

ous value and average fluctuation range have nonlinear influence on performance maintenance

reliability.
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9 0.7083 5.6833 2.7347
10 2.1917 12.0582 6.8983

W/ (n/s)
41
) L R sk
a1 (1) Wz, (1) U, (r)
1 3.0071 4.2928 1. 2857
2 2.7912 4.1088 1.3176
3 2.8896 4.5246 1.6350
4 3.5254 4.7317 1.2063
5 3.5293 4.9420 1.4126
6 3.4959 4.7182 1.2223
7 3.3301 4.4412 1.1111
8 3.4516 5.2769 1.8253
9 3.4000 13.6853 10. 2852
10 16.5579 21.3991 4. 8411

3) PR 3h 7 B %k L S ) BE A 1) ST 35 96 B el

PAAAE 7 51 4y ) A 41 =X (34) ~ =0 (35) 1+ 5
T B I S B AR A I bt 25 LR AE 7 51 6F
N7 I (] B Y )P 2413 B L U (1) = 0. 457 4m/s%
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Table 3  Average fluctuation range during the corresponding
time period of each vibration sequence

(rotation speed is 6 000 r/min)

21k WA/ (m/s")
r P . e S EE Us ()
1 3.3973 0.4574
2 3.3464 0.4113
3 3.6515 0.5052
4 4.1165 0.4079
5 4.1512 0.4341
6 4.0426 0.3918
7 3.8696 0.3829
8 4.2081 0.5604
9 7.1454 3.9280
10 18. 8124 1.6918
2.1.3  PEREARAF T REVE RO B0 2 M1 R 0 M

5 A~ B 18] P 910 Xof 7 [ B PA 494 e 4 e 8l 12 BE
AL TR R REORFE ] 5 5 IR S0 5% s {114 10
B B OB BE O 1) IR 3 2 9 35 30 7 [
CRBAE BE R 2) Ak 3l R 51 0 5[] Be P4 AY - 2
B Bl O BiE BE D 3) T S22 i 7 i

AP 7R s ARS8 AN IRy S XL Y
6] 45, Z - 25 8 AR AL A R I BOA B
B Bl R d A R SR AR AR 1Y L S AR R BN T

PI —emsi

10 b —<— PEREfR IR TSR
—— RHiE N
8 —o— IHiEHE N2
—a— KA 03

fbREUE
N

0 2 4 6 8 10
)5
Bl 7 BhR IR 3 P RE 45 18 bR AR L
(5%3# fy 6000 r/min)
Fig. 7 Trend of different indicators of bearing vibration

performance (rotation speed is 6000 r/min)
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AR AR 71 75 7 Y 2 M 3 ik R R 5% 2 0 )
WA TR 4.
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4 #7 (383% 24 6000 r/min)

Table 4 Analysis on linear correlation between performance

maintaining reliability and various fluctuation indexes

(rotation speed is 6 000 r/min)

A sE

o] I 5
Ja b7 -

MRARE MR

U, R=1.2362E—0.1297U, —0.8437 #ix
U, R=1.0214E—0.0589U, —0.7798 AHIxX

U, R=1.0032E—0.1483U, —0.7597 A#x

e A 5 A B0 R fEL 2 T A0 e B A SE Ak R
$7(0.05,6)=0.8144, ¥ |r(R.U)|=>0.8144
i, RN, AR . d g 4wl /
AZH U, MU, 5 RR IR0 EREOR £5 7] S 1E 2
(] 1 2 P 5 5 A L BRI Sl B0HE R A 19 i) (E
19 25 2 3 PR 2% A R i Sl 1 B R 5 T R 1Y 2 22
LPER N R .

2) Z PR 35 Hr

X T A AR R Sl P RE DR 5 T S 5 4R 3 D i (E
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Fig. 8 Fitting effect of multivariate regression analysis

model (rotation speed is 6000 r/min)
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Fig. 9 Data sample collected of vibration performance of

rolling bearing (rotation speed is 4 000 r/min)
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Fig. 10 Probability density function of the intrinsic
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sequence data sample (rotation speed is

4000 r/min)
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Fig. 11  Vibration performance maintaining reliability of

rolling bearing (rotation speed is 4000 r/min)
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Fig. 12 Trend of instantaneous vibration value of

intrinsic sequence (rotation speed is 4000 r/min)
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Table 5 - Fluctuation range of instantaneous value of

vibration sequences (rotation speed is 4000 r/min)

PR/ (m/s*)
B2lRes
i Fe/ME PN B
Ui (1) Ulinax (1) Ui (r)
1 0.2333 2.3583 1.2792
2 0.2417 1.6918 1.0319
3 0.2418 2.6000 1.6121
4 0.4832 2.6417 1.6672
5 0. 4667 3.0583 1.8633
6 0.4500 3.2000 2.1469
7 0.2418 3.5667 2.3127
8 0.9332 3.3832 2.2443
9 0.4832 4.7333 2.2707
10 1.2168 15. 9585 4.2091

2) Y3l F- B {E A 5 3 i
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10000, 3z /] A B & 2R BChh AR 2cdls an 1] 13 P .

N
et

ol

I B AR (B (m/s?)

0 2000 4000 6000 8000 10000
FIRERR 54
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Fig. 13 Bootstrap sampling data of intrinsic sequence

—
~

(rotation speed is 4000 r/min)
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Table 6 Fluctuation range of average value of vibration

sequences (rotation speed is 4000 r/min)

WA mEE/ (m/s*)
755

THE R i 3 i

a1 (1) oy (1) U, (r)
1 1.9603 2.1825 0.2222
2 1.7293 2.2848 0.5555
3 1.7690 2.6738 0.9048
4 1. 8285 2.6857 0.8572
5 1.7778 2.7936 1.0158
6 1.8420 3.0008 1.1588
7 1.8967 3.1032 1.2065
8 1. 8563 3.0150 1. 1587
9 4,8881 13.6975 8.8093
10 11.0822 18.0178 6.9355

3) P25 F XL H] BE PN f) T 34 % Bl A TR

VLARAE 7 50 R 491 Al 2 (34) ~ 3 35) 1443
T VIR S FEAS 1 A o 25 T R AE 207 91
Xof 1oy Bsf [i] B PV SF- 3579 2 9 B U (1)=0. 230 3
m/s’,

() A 3t 3530 1 LA A5 A I 3l 5 370 % i
NS B Sl B 25 R I 7 R

2.2.3  PEREORIF AT SEVERIASHR 2 1 X R A

25 A B R 30 %68 Rz B[] B P 1 i A ) P g
AR TR MR B OR 7 T 5 BE IR Bl D e 1 O
3 B OR B 2 o 1D iR 2 F Y908 14 I 20 3 1]
OB BE Ry 2) R sl 73 470 X6k IO I ] B P 1) S 359 18
LB CRHE N 3) MR E R IE 14 i,

WE 14 Fios A5 5 A8 (8] ¥ 30 JIr %) 7 7 B
[i1] 5 2 I Bl 7R B A IR 2 1 R A 1 A S M R %
15 1 R AREAE 4 /N F 0. 15 X6F o7 114 M BB P 4 vl &
JEGAG D/ BE B KT 0,93, 7E%5 4~6 /\%er
BT 56 LA R T] B 22 Ta) b R I £ iR 2 o g
078 S AR A Y R BB AN 0. 07 3G K F 0. 445

s ] B

x®7 BVRIFINEMEENETEHENER
(%14 4000r/min)
Table 7 Average fluctuation range during the corresponding
time period of each vibration sequence

(rotation speed is 4000 r/min)

¥ 51 5 RS L/ (m/s*)
r B x, WIEE Us (0
1 2.1208 0.2303
2 2.0174 0.1828
3 2.0712 0.3058
4 22770 0.2871
5 2. 2692 0.3486
6 2.3222 0.3801
7 2.4804 0.4033
8 2.5416 0.3936
9 2. 4818 3.1047
10 3.8968 1.9028
10 D
SRR
g L PERE IR T B
—— AHIEE N
£ oF —— R N2
= e
g —S— RHIEE N3
yo4r
2 -
0 2 4 6 8 10

I fa] 751 )55

& 14 Bl 301 BE A 16 A AR Ak A
(34 2k 4000 r/min)

Fig. 14 Trend of different indicators of bearing vibration

performance (rotation speed is 4000 r/min)
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Table 8 Analysis on linear correlation between performance
maintaining reliability and various fluctuation indexes

(rotation speed is 4000 r/min)
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Fig. 15 Fitting effect of multivariate regression analysis

model (rotation speed is 4 000 r/min)
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