4 52 A5 4 ) [T O |/ RS RS | A NI N = 14 Vol. 52 No. 4
2020 4% 8 H Journal of Nanjing University of Aeronautics &. Astronautics Aug. 2020

DOI:10. 16356/j. 1005-2615. 2020. 04. 019

REBREBIIENTNARERESRE ERHRE

el H, 2K
(g QML T 5T B, 10, 201210)

WE: A 17THRE LR R % F N ERRTT RABRITHAT RBT ARy ok s @
o) ¥ IR hE B A R 58 B % 4 (Probability density function, PDF)BE A, 2 8L A ;% Rayleigh 4 7 #= Weibull £~ 7 49 £
PG P A R A A AL AR A ) Rk, SRR AR 3 17 AR R AL AR 69 /D IR R AR R At
AT ARME  RETHRE P ALK EEATRFELARZ NG LR, AL THREREX, FRENLRG R
At Skt R FIZ AR B Dirlik A2 AL 6 TR A E AT T AR, 45 R AW I A AL 69 TR ZOR AL T Dirlik #E A
KGR TRAT AR P RN AR R B R G R T IR S

FESES:V215.5 XEKFRERD : A X E S :1005-2615(2020)04-0659-07

Probability Density Function Model of Rainflow Amplitude for Random
Process of Band-Limited White Noise

SHI Jianwei, XI Wei
(Shanghai Aircraft Design and Research Institute, Shanghai, 201210, China)

Abstract: The rainflow cycle counting is carried out on seventeen random processes of band-limited white
noise with different band widths, and a probability density function (PDF) model of rainflow amplitude for
random processes of band-limited white noise is proposed. This model is a linear combination of a Rayleigh
distribution and a Weibull distribution, where the undetermined coefficients are all functions of the spectral
parameters of the random process. Data fitting is carried out on the rainflow amplitude PDFs of the seventeen
random processes based on the proposed model, and the relationship between the parameters in the model and
the spectral parameters of the random processes are investigated, and the formula of the model is determined.
According to the rainflow cycle counting results of the random processes, the prediction accuracy of the
proposed model is compared with that of Dirlik’ s model, which shows that the proposed model gives better
prediction results than Dirlik’s model.
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Fig.1 Flowchart of research method for PDF of rainflow

amplitude

1.2 REBESRBIERENRE
1.2.1 HhF#FEETLRKR

1 SR B HIL I AR Y 2 A T B R A R v R
o1 o3 A 19, W Bk 22 Sk R R S R AL I R
BIR A5 F1 e P Bt AL 2o R ) 2 3% 8 R R IR n 1 2 e
7N T S G R (fe="50 Hz), fi MR AE
Go A U1 3R 3% 8 FE R EL(G=100).
PSD

fRI2 fo ftf/2 f/Hz
K2 s B RoR 2]
Fig.2 Sketch map of spectral shape
1.2.2 #A#%
X — e B I RS GO S ), HA& B
g 1219
m=| rGerar 1)
Sty R

o= = || 6 @

TR 0] AR Ay e 22 8040 ) e



5 4 3]

G , %5 U P M B 6 T B 4 4 6 661

m,
= — =/1—9* 3
4 N Mo My © 4 )
17 Fofr B 47 1 e 75 e AL Ao 2 1 A O 1% = Hcin 3k

L 7R, Sp Ml B4 5 .
x1 RHEARFEINIEEXESH
Table 1 Spectral parameters of white noise random pro-

cesses with limited bands

Sp f/Hz filfe ¥Hi{Hs AWK Ty W55 R4 e

1 4 0.08 20.00 0.998 9 0.046 1
2 10 0.20 31.62 0.993 4 0.114 4
3 16 0.32 40.00 0.983 6 0.180 3
4 20 0.40 44.72 0.974 9 0.222 5
5 24 048 48.99 0.964 8 0.262 8
6 30 0.60 54.77 0.947 5 0.319 6
7 36 0.72 60.00 0.928 4 0.3715
8 40 0.80 63.25 0.9150 0.403 4
9 44 0.88 66.33 0.901 4 0.4330
10 46  0.92 67.82 0.894 6 0.4470
11 48 0.96 69.28 0.887 7 0.460 4
12 50 1.00 70.71 0.880 9 0.473 3
13 60 1.20 77.46 0.847 6 0.530 6
14 70 1.40 83.67 0.816 9 0.576 8
15 80 1.60 89.44 0.789 5 0.613 8
16 90 1.80 94.87 0.7657 0.643 2
17 100 2.00 100.00 0.745 4 0.666 7
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Table 2 Statistic results of curve fitting parameters

Sp RERE BRSH RESH RESH
@ a; B B2
1 0.001 09 1.834 25 0.016 92 1.330 23
2 0.006 51 1.610 25 0.046 61 1.337 47
3 0.014 87 1.448 58 0.055 30 1.341 34
4 0.023 53 1.327 33 0.067 39 1.343 68
5 0.033 66 1.253 10 0.078 79 1.349 78
6 0.051 55 1.184 04 0.096 90 1.358 71
7 0.074 64 1.131 94 0.118 64 1.369 66
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16 0.446 68 0.889 95 0.634 00 1.324 38
17 0.451 45 0.877 39 0.634 28 1.270 78
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Table 3 Curve fitting results of the parameters
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