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Probabilistic Fatigue Damage Prediction of Electronic Devices Under Random
Vibration Based on Frequency-Time Domain Transformation and Rainflow

Counting Techniques
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(1. School of Reliability and System Engineering, Beihang University, Beijing 100191, China; 2. Beijing Institute of Control
Engineering, Bejing 100190, China)

Abstract: Aiming at the problem that the fatigue damage in electronic devices exhibits high uncertainty under
random vibration loads, this paper proposes a probabilistic fatigue model based on frequency-time
transformation and rainflow counting techniques to predict the fatigue damage distribution of an avionics
device under specific random vibration loading conditions. The proposed method is capable of quickly
providing the fatigue damage probability distribution, as well as the mean fatigue life which agrees well with
the experimental observations. It has the advantages of high efficiency and strong engineering adaptability for
random vibration fatigue damage predictions, especially under the circumstances of complicated power
spectral density (PSD) loading conditions.
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Fig.1 Flow chart of the proposed probabilistic fatigue model
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Table 3 Variation of fatigue damage prediction values

with sampling accuracy
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Table 5 Variation of fatigue damage prediction values with sampling accuracy

Jn 2 B AT ARY At Dirlik 52 #! STt Bendat 4 #! ATt
D, 2.34E—8 2.48E—6 4.84E—5
D, 3.62E—6 3.62E—6 6.21E—7 2.48E—6 3.96E—5 8.80E—5
D, 8.25E—1 0.825 1.239 1.239 0.584 0.584
D, 9.33E—9 0.825 1.26E—6 1.239 2.11E—5 0.584
D; 1.46E—6 0.825 2.98E—7 1.239 1.57E—5 0.584
D 3.27TE—1 1.152 0.845 2.084 0.312 0.896
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Fig.7 Fatigue damage distributions for “equivalent spec-

tra” of different durations
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Table 6 Comparison of the prediction results of each equivalent spectrum

PSD &K /s B HE 2/ % brifi 22 KL % BN /h
1 0.216 74.19 0.536 21.732 42.6
5 0.392 53.17 0.411 13.654 231.7
10 0.486 41.94 0.327 7.611 463.4
15 0.702 16.13 0.241 3.598 693.6
20 0.769 8.12 0.198 1.914 915.4
25 0.801 4.30 0.152 1.552 1167.3
30 0.822 1.79 0.146 1.251 1367.5
35 0.826 1.31 0.139 1.124 1648.7
120 0.837 0.121 5549.2




% 3

BRSBTS A6 B TR ULV ) v T B0 BEATLAIR Sl ABE 50 5 451405 T 495

5 & i

AR SCARE T — ol 35 T A S 3l 0 K W I 9 A
HL - A BE BL AR S0 A S 98 55 5000 1000 5 vk .
TR R FH R0 2 R 1R A, T HE A 4 2 Bl LR
BEAT T A ST 0 OFE A T I I E . 7R AR
Bl b R T AR AR TS A Rl SR
%1% 07 WA TR R B 5 1 PSD % i A, iT LA
AR ETTERCR . AT .

(1) AR SCHE HE Y BE ML R B0 A8 208 57 53 40 T 5
T ZR A I B 4 0 0 ASE RS B R A A ) A
AU B30 B PR 0 A, 78 DR IE T000 45 SRR & B ]
P (0 TR s, B DRt 25 Hh LA S v 8 U 9 o5 s
T .

(2) 2R BE K B J2 B0 A A FH I 459 OC 7 Y i 22
SR X FARSCH R BTG, Y R ARG A
6 000 S, F 74 0 3l K 700000 o A 3 LR . B AR L
FH A b 152 45 B, T R ) R R Ak R B
K.

(3)EF AR SO R 119 HE A 25 F 7 I 4 14 B L AR
ik 55, B 5T & BRIl 30 s 19 AF AL T
T, BRI T GE A5 B X AE B A X N 2 min 28 AT 3
VEI R W i fti it . 78 TRE Sz e, Al R i A &k
(G AR SRR SR S5 AR T T I G, DA
]

SE Wk

[1] PANGJHL, WONGF L, HENG K T, et al. Com-
bined vibration and thermal cycling fatigue analysis for
SAC305 lead free solder assemblies[ C]//Proceedings
of the 63rd Electronic Components and Technology
Conference.[S.1.]: IEEE, 2013: 1300-1307.

(2] BRawA, S0, WI50%, %8R B S5 1 I 28 e 8k

ST o 1 R S T2 i U D | A R 1 A NN =
fi, 2019, 45(2) : 381-387.
CHEN Yaojun, JING Bo, HU Jiaxing, et al. Experi-
mental study and statistical analysis on fracture failure
of chip interconnection structure[J]. Journal of Beijing
University of Aeronautics and Astronautics, 2019, 45
(2): 381-387.

[3] FORREST P G. Fatigue of metals[ M
Elsevier, 2013.

[4] NAJEM CLARKE S, GOODPASTURE D W,
BENNETT R M, et al. Effect of cycle-counting meth-

1. Amsterdam :

ods on effective stress range and number of stress cy-
cles for fatigue-prone details[J]. Transportation Re-
search Record, 2000, 1740(1) : 49-60.

[5] SUN C, JAHANGIRI V. Fatigue damage mitigation

(6]

[11]

[13]

[14]

[15]

of offshore wind turbines under real wind and wave
conditions[J]. Engineering Structures, 2019, 178:
472-483.
CHEN J, IMANIAN A, WEI H, et al. Piecewise
stochastic rainflow counting for probabilistic linear and
nonlinear damage accumulation considering loading
and material uncertainties [ J]. International Journal of
Fatigue, 2020, 140: 105842.

OGRS, 22T, 5KuR, 45 . WU VT BOK TR A 4 A i
ST R LT B TR, 2009, 27(3) - 67-73.
ZHAO Xiaopeng, JIANG Ding, ZHANG Qiang, et
al. Application of rain flow counting method in vehicle
load spectrum analysis[J]. Science & Technology Re-
view, 2009, 27 (3): 67-73.

B, BRIB . Z R BE LA T Y9 55 4 i
[J]. %=, 2006, 36(1): 65-74.

JIN Dan, CHEN Xu. Fatigue life estimation method

w A 7

under multiaxial random load[J]. Advances in Me-
chanics, 2006, 36(1): 65-74.

ATAAER, B, BEAR, SR T S HaT G Y N
ik 57 A7 A WO [J]. JE s B R 2242 4R, 2013, 35
(6): 813-817.

YU Bigiang, LI Wei, XUE Jianhua, et al. Prediction
of gear bending fatigue life based on dynamic load spec-
trum[J]. Chinese Journal of Engineering, 2013, 35
(6): 813-817.

BENDAT J S, PIERSOL A G. Random data: Analy-
sis and measurement procedures[ M].
John Wiley &. Sons, 2011.

JOO Y S, LEE J C. Vibration fatigue analysis for

New Jersey:

structural durability evaluation under vibratory loads
[J]. International Journal of Aeronautical and Space
Sciences, 2021, 22(3): 578-589.
WIRSCHING P H, LIGHT M C. Fatigue under
wide band random stresses| J|. Journal of the Structur-
al Division, 1980, 106(7): 1593-1607.
CHAUDHURY G. Spectral fatigue of broad-band
stress spectrum with one or more peaks[ C]//Proceed-
ings of Offshore Technology Conference. Houston:
OnePetro, 1986.

DIRLIK T. Application of computers in fatigue analy-
sisLD]. Coventry: University of Warwick, 1985.
ZHAO W, BAKER M J. A new stress-range distribu-
tion model for fatigue analysis under wave loading
[C]//Proceedings of Environmental Forces on Off-
shore Structures and Their Predictions. Houston: One-
Petro, 1990.

SAKAI S, OKAMURA H. On the distribution of

rainflow range for Gaussian random processes with bi-



496

[

PPN

555 4%

[19]

modal PSD[J].JSME International Journal Ser A,
Mechanics and Material Engineering, 1995, 38 (4) :
440-445.

FU T T, CEBON D. Predicting fatigue lives for bi-
modal stress spectral densities [J]. International Jour-
nal of Fatigue, 2000, 22(1): 11-21.

GAODY, YAOW X, WEN W D, et al. Equivalent
spectral method to estimate the fatigue life of composite
laminates under random vibration loadings[J]. Mechan-
ics of Composite Materials, 2021, 57(1): 101-114.
XUWRAR , AR 58, o 05 . e T 30 70 4 (9 B8 1A OF J3E £
HAFFE[T]. s E A #2005, 18(1): 126-130.
LIU Xiandong, DENG Zhidang, GAO Feng. Simula-
tion of road roughness based on inverse transform[J].
Chinese Journal of Highway and Transport, 2005 , 18
(1): 126-130.

WHE, BE2, BOAR, & ST R8Ok rY %
95 77 4w WO L], HLA R F 5 B 58, 2016, 32(5) :

184-187.

XU Minmin, YANG Chunlan, DUAN Yuexing, et
al. Fatigue life prediction based on rain flow counting
method[ J]. 2016,
32(5): 184-187.

OB, R, A B TR oA B LR 20
B35 oy M [T]. A HoR, 2011, 8(1): 76-80.
DAI Feng, TANG Dexiao, SHI Min. Random vibra-

Machine Design &. Research,

tion fatigue analysis of on-board electronic equipment
components[J]. Space Electronic Technology, 2011,
8(1): 76-80.
BHER.ZEERAX S HN I TR ¥,
1995, 11(3): 173-176.

MAO Huiliang. Multiple convolution formula and its
application [J]. Engineering Mathematics, 1995, 11
(3):173-176.

LECUN Y, BENGIO Y, HINTON G. Deep learning

[J]. Nature, 2015, 521(7553): 436-444.

(%%t TR 3B )



