ZEHEIE
EQUIPMENT ENVIRONMENTAL ENGINEERING - 23 -

HF10% a4
2013408 H

ARTHRERIDS RS 2 PRI

XIE', =8, B, =’
(. ERMTNMAKRZ IFEMSAS LIS, LR 100191;
2. PERIIXESHRZR, L= 100009)

FZE: A T AT et AT I o7 T, R A TRIUH AT A ANSYS 3 = 5n 25 Myt 47 T & 57
FaFAHULIR D T, AR RKIEG BT A FRUBEA, W RAAIR ) AT 1F 2] 5 ) vy o o B3 | )5 A R SR 3R
Tk EEMAGIE T HG ., GAEREERADESBLRELER, AL ET PR EMETREFTE,

KR AR B Rk

DOI: 10.7643/issn.1672—9242.2013.04.007

FESES: V215572 SCHERFRINED: A

XEHS: 1672 —9242(2013)04 — 0023—07

Application of Finite Element Simulation in Vibration Structure Fatigue Analysis

LIU Long—tao', LI Chuan—ri', MA Tian', QIAO Liang’
(1. School of Reliability and System Engineering, Beihang University, Beijing 100191, China;
2. Military Representative Office of Air Force at Beijing Prefecture, Beijing 100009, China)

Abstract: Modal analysis and random vibration analysis of airborne product structure was carried out using the finite
element analysis software ANSYS for its fatigue analysis. The finite element model was corrected with modal test. Stress response
power spectrum was obtained from random vibration analysis. Fatigue damage of the structure was calculated using frequency
domain method. The simulation results are in agreement with the reliability enhancement testing results. An optimization scheme for
the product structure design was given.
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Fig.1 The main frame of virtual test
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Table 1 Material properties

ps B/ (kgom™) WICHER/Pa AN
| 7800 2.1x 1011 0.3
SR 1020 1.8 x 109 0.394
FR-4 3150 1.3 % 1010 0.28
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Fig. 2 The finite element model
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Fig. 3 Test set—up of the modal analysis
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Fig. 5 Front three order modal shape of FEA
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Table 2 Modal frequency AN RIS S AT ] Pl 295 4% P F S
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g DM MAC Vel 67 B o P 45 S AT R TR R AL 7
: %ﬁ? ﬁiﬁ?i — ARG R, B, SIS S 075 07 B
o ' ' T2 A R TEA)7 BT S S B 24 S804
2 425.43 440.63 0.75
3 586.86 546.37 0.001
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Fig. 4 Front three order modal shape of modal test

Fig. 6 Modal shapes of base and cover in modal test
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Table 3 Modal frequency of modal test and simulation for the

base and cover

e

e %44 — — MAC
B IRLS ATk
. 1 88.56 89.19 0.88
Ji A
2 336.76 335.16 0.86
3 527.88 535.9 0.71
MR
1 496.87 492.88 0.85
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Fig. 8 Bolt mounting mode with prestress
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Table 4 Comparison of modal frequency after modification

13 i B/ He, T4/ H e MAC
1 320.61 328.92 0.83
2 408.89 425.43 0.86
3 590.04 586.86 0.84
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Fig. 9 Front three order modal shape after modification

2.3 FEHiREN 4T

H BRI RAG IE S5, %= St AT BEM LR 34047
5 FR FH B R B 3807 15 U 10 s

3 WRBNIES AT

3.1 BUIRIEEFEFR
T TR €28 v e PPN 1 R T B 3 i



F10 F4l

XI55 A FROCOT HAE RS ASHIRE 55 734 v (4 1 - 27 -

+4 dB/OCT -6 dB/OCT

4

1

>

I DA (g2 - He!)

15 178 300 1000 2000
P /Hz

10 fizsh#fi PSD
Fig. 10 PSD of vibration loads
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Fig. 11 Fracture in bottom of hooks
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Fig. 12 Fracture in joint of hook and end face
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Fig. 13 Stress contour of bottom of hook
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Fig. 14 Stress contour of joint of hook and end face
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Fig. 16 S—N curve of plastic
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