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A new frequency-domain method for analysis of Gaussian
multi-modal random fatigue damage
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Abstract: To accurately assess the random fatigue damage of bimodal and trimodal Gaussian process in frequency
domain, a cross-mode coupling analysis method is proposed in this paper. Different from the conventional
probabilistic method, the proposed method was developed based on spectral discretization method. The response
spectrum was discretized into a large number of infinitesimal frequency bands, and the fatigue damage with
respective to each band could be computed individually, while a coupling coefficient &€ was introduced to account for
the cross-mode coupling between any two frequency components. By using the combination rule developed in this
paper, the fatigue damages caused by the infinitesimal frequency bands and their couplings were assembled to
obtain the total fatigue damage. Through comprehensive case studies, by taking the results of rainflow counting
(RFC) method as reference and comparing with several main frequency-domain methods, it was proved that the
proposed cross-mode coupling method is more accurate and robust.
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Gaussian random process
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Tab.3 Relative errors of different methods compared with RFC
method under rectangular spectra with NB-LF & NB-HF (£ =3)%

WA LL ik B =0.05 g =0.4 pl=1.2 git=2
LOW -0.31 293 2,25 1.75
yit=2 SM -0.59 -2.23 -2.01 -1.55
BAMSE -0.16 -0.25  -0.21  -0.13
LOW 0.38  0.71 0.83  0.82
" =6 SM -12.26 -6.70 -1.53 -0.45
BSMA:  -0.25 003 -0.22  -0.05
LOW -0.31 -1.36 -1.27 -1.06
y =12 SM -10.56  -0.41 1.or  0.74

MR
F4 FRRMESFEFEHEME T ARG EENT
M 4 REVIEXHR Z (k =6.5)
Tab.4 Relative errors of different methods compared with RFC
method under rectangular spectra with NB-LF & NB-HF (% =6.5)%

-0.08 -0.53 -0.50 -0.35

PR Iy BHL ~0.05 BHL —-0.4 ‘BHL -1.2 BHL -2
LOW 4.38 19.15  13.70  9.87
yi=2 SM 3.17 8.59 4.75  3.22
BAMAY: -1.08 -1.42  -1.07 -0.26
LOW 1.17 3.75 3.9 3.29
" =6 SM -22.19 -21.10 -1.70  5.02
BAMAE -0.76 0.76  -0.27  0.14
LOW 0.84  -0.87 -4.00 -4.48
Yy =12 SM -27.63 -12.48  10.69 13.42

BESHEE: 0.07

2.1.2 SO + T A e S AU AR S

SEFR TR 2546 B RO M [0 A AR A% 1 i A3
ZE I Re IR T IS Y, BRI AN 35 TS
TP R AT 25 1 o A 285 0 A2 i 5 1) 1 I . 8K LA
B 1 7S BB T D 23 R 6], (H AT 98 S, =
0.142 9,5, =0.277 4.

FKSHMT k=3,C=1,5FKty" =3.6.12 f
etk 8™ =0.05.0.4 1.2 2 (Y455, W LLES], SM
PR ZEMRIRE 3 P ik PR KA, BRI B T 78
o BB ZS  BE ML 57 43 B v, v A5 (R AR 6 5%

-1.67 -1.61 -2.60
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[, AR SCHE S BRI A YRR SR Be 2 Hh AR MERR 1Y
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REZW5 F 0, TB Al Dirlik #0085 B AH 22 6
JLMOM HAE SRS B Dirlik g B ORE —28
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BT R Z5 T 5 IM 301 LOW 3% L.

FT BT Casel k=3 ~6 B, & IF AT
LS R IAXT R 22, 7T LA 2] GM IL7E k=3 B
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Tab.5 Relative errors of different methods compared with RFC
method under rectangular spectra with WB-LF & WB-HF (k£ =3)%

A ik g™ =0.05 g =0.4 gM =12 g =2
LOW 0.92 1.58 1.68  1.96
Y= 3 SM -6.77 -10.35 -7.39 -5.82
AR AT
120 -0.93 -0.25 -0.59
(M=4)
LOW 0.01 -3.80 -2.64 —1.30
Y =6 SM -13.80 -13.10 -8.27 -6.37
RS A
" ~0.54 0.13 -1.85 -2.78
(M=4)
LOW ~4.67 -8.49 —4.49 -2.31
Y= 12 SM ~15.80 -10.54 -6.32 —4.93
SR A
0.57 -3.31 -5.24 -5.13
(M=4)

F6 EHEMEREHESIMERL TARG EENT
MiRERIEIHRE (k=6.5)
Tab.6 Relative errors of different methods compared with RFC
method under rectangular spectrum with WB-LF&WB-HF (% =6.5)%

WAL Tk g =0.05 g =0.4 g =12 g =2
LOW 3.19 7.06 6.86 6.32
Y =3 SM -7.26 -15.12 -9.56 -5.95
*“jt AN
BEBEE 0 o aa s
(M=4)
LOW 2.51 -6.17 -11.48 -10.64
Y= 6 SM -22.57 -30.45 -19.30 -12.95
MR A1
-3.76 2.80 5.40 2.03
(M=4)
LOW -4.41 -25.56 -29.18 -24.29
Y= 12 SM -32.64 -36.07 -21.67 -14.42
PR B 1:
512 -1.48 -6.34 -9.85
(M=4)

#7 Casel H&EFZEHAEITIRE

Tab.7 Relative errors of different methods in Case 1 %

WiReS k=3 k=4 k=5 k=6
SM -8.71 -12.46 -16.16 -19.54
Dirlik -9.62 -13.94 -17.28 -19.90
GM -7.82 -23.42 -34.35 -41.62
LOW 1.56 0.76 -0.14 -1.09
A A 0.36 -0.16 -1.34 -2.49

TR GM L0 LOW JL45 2R d Sk [ 21 14535,
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Tab.8 Relative errors of different methods in Case 2 %

Fik k=3 k=4 k=5 k=6
SM -8.75 -12.91 -17.02 -20.88
Dirlik -9.51 -14.32 -18.12 -21.24
MR AL 0.31 -0.67 -2.35 -4.13
2.2.2  EEFEEXHLIE FE 0 T = A% 57

AN LA —N 52 s TR S5 R 118 = B2 ) o7 3% f
TS EFR SR T I, AR SCHE AR H 2 v i 3
P 7 J&— Spar %1 NREL SMW 297 5 X HL >
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AIE RS 3 A5, 280 B B SRS
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Fig.7 Trimodal bending moment spectrum of

a floating spar wind turbine
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Tab.9 Information of each frequency mode in spectrum

— BEAR, O Brildn/  BURWE, s
(rad - s7') (108kN? - m?) (rad-s~!') ZR%s

TRAH 0.18 16.70 [0.01,0.3] 0.25
i 0.48 25.10 (0.3,1.5] 0.33

B TS 1 1.87 2.45 (1.5,2.25] 0.11
EARTHEA 2 2.61 9.40 (2.25,3]  0.04

F10 FBFEHEIHRE

Tab. 10  Relative errors of different methods

HIRHEZ % IG5,
' S Dirlik  HIAHA c=1

3 —-11.43 -10.38 -0.89 1.518 7
4 -16.69 -14.34 -0.72 4.6339

5 -21.59 -17.48 -0.75 16.091 8

6 -25.64 -19.95 -1.03 61.219 6

Ve YR A 345 BRI 10" 5 PR L4 .
3 % iE

RSO R GG FI B0 B ke, B i T —Fih g
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